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INTRODUCTION 

I  book  has  been  the  mult  of  a  realisation,  on  the  part  of  ihr 
author  nn<i  hk  associates,  of  tl.  dependence  of  many 

agencies  and  tin-  n.-.-d  «i  the  <-o6rdination  of  aeveral  prnffawiom 
in  the  develoj  a  successful  town  plan  and  in  the  up-build- 

ing of  a  contents!  indu  -trial  conunui 

i*ual  HIM!   unprec.-.i.  ;>ericnces,  an  a  result  of  the 

Great  War,  followed  aeveral  interesting  earlier  opportunities  to 
become  acquainted  \\ith  ami  take  part  in  various  functions;  of 
the  development  of  n-M.i.-n.,  saetioiii  "!  tarm  fai  bovsBsi  Ka> 
dust  rial  workers.    These  ranged  from  the  direction  of  larg< 
compieh.  i.Mv«-  pi.  :n»n  f  or  many  thousands,  to  studies 

of  smaller  milling  «:,:  ace  the  hen  ustomaiy 

•  of  ill  .LssorUnl  Khanties.    They  also  covered  engagemrnU 
the  iM-Kinniiii:  of  invrsti^ttioriH  foi  :tiing  needs  1- 

fulfillinentof  aroiiipU-tnl  pro^ruin.  Thiw  the  need  of  the  budget, 
to  balance  rccjuin -MM -nt>  :m:unst  resources,  and  of  a  rational  plan 
from  beginning  to  end  of  th.-  enterprise,  impressed  itoelf  as  an 
early  an<i  <r»ity. 

Certain  factors  have  t»  itstanding  and  fostered  from 

tinji-  t<.  tniK  .  in  the  development  of  housing  programs. 

' — following  a  U-lief  that  >oinrthing  must  be  done  better 
to  provide  for  workmen  during  the  living  hours  of  the  day, 
attractiveness  in  houses  has  frequently  U-en  predominant. 

Second — pleasant  surroundings  have  apparently  loomed  large 
and  change  fn>m  l>arrennes>  to  blossoms  has  resulted,  while 
gardens  have  also  become  an  important  i  • 

•d — the  idea  of  community  recreation,  with  playgrounds, 
sxviniininK  pools,  inunici|>al  h  hiiildings,  meeting 

places,  etc.,  has  been  developed,  with  a  sudden  realisation  of  the 
need  and  desire  for  ennmmnity  expression. 

All  of  these  steps  and  ideas  !  n  PIMM!  in  themselves,  but 

no  one,  however  complete  in  itself,  fills  all  the  need  of  community 
life  ai  .  and  all  too  frequently  nttrm  tivcness  and  pleasant 

surroundings  have  not  meant  h<  alt  hfulness and  correct  sanitation, 
\vhi<-h  are  so  fundamental  to  )x>rmancnt  good  living.  So  it  has 
eventually  Keen  recognised  that  not  only  must  the  home 
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planned  for  economy  and  efficiency,  Imt  also  the  utilities  and 
facilities  that  go  to  make  up  the  town  and  it*  business  and 
social  lit 

author  and  his  organization  had  the  good  fortune  to 

participate  in  the  early  months  of  our  » -ntran. •<•  into  tin   war,  in 

!«mof  quarters  for  troops  at  one  of  tin    National  Army 

cantonments,  and  one  of  the  National  Guard  tent  (amps,  built 

during    P.U7.     Later,   being  railed  to  assist    in   the   huildi- 

the  housing  of  ship  workers,  it  was  his  g 1  fortune  to 

sit  in  on  the  consideration  of  the  plan  and  scope  of  the  program 
for  this  purpose.  Both  were  unique  experiences  and  intensified 
the  In'lief  i if  this  were  necessary)  that  no  one  profession  is  com- 
j>etent  to  eope  with  the  difficulties  of  housing. 

Gathered  together  from  all  parts  of  the  country  were  men  from 
all  walks  of  life:  imbued  with  the  idea  of  helping  to  build  IK 
to  attract  to  ship  yards,  to  build  ships,  to  send  the  troops  and 
supplies  to  France,  to  help  win  the  war.  Many  had  never  heard 
of  each  other  and  several  only  knew  of  the  other's  reputation  in 
hi>  chosen  line.  Most  of  the  recruits  were  strong  individu.- 
had  done  things  worth  while;  and  many  had  not.  at  least  for 
years,  worked  under  the  direction  of  others  or  in  multiple  ha 
What  wonder,  then,  that  it  took  some  time  to  settle  down  and  get 
up  -jM-ed.  which  later  so  characterized  the  work  as  to  win  the 
commendation  of  the  Senate  Committee,  which  was  called  upon 
to  investigate  these  activities  of  the  Emergency  Fleet  Corpora- 
tion of  the  United  States  Shipping  Board.  The  writer  would  not 
have  missed  this  opportunity  for  service,  nor  this  development  of 
new  experience,  for  all  of  the  chapters  in  his  life  which  had  gone 
before. 

He  deems  it  a  stroke  of  good  fortune  that  he  had  the  pri\ 
of  associating  with  the  pioneers  who  were  the  leaders  in  the  pro- 
gram and  who,  with  all  the  back  mound  of  personal  accomplish- 
ments, sank  personality  in  the  common  purpose.  Early  and 
always  there  was  an  appreciation  by  all  that  team  work,  esprit 
rpe,  fitting  of  endeavors  as  well  as  of  abilr  ther,  were 

needed  to  bring  about  the  result.  And  tin  result  was  ad  i 
Witness  the  home-like  communities  from  Maine  to  tin  (nilf, 
along  the  Atlantic  and  on  the  Great  Lakes  and  ev  n  on  tin  Pacific, 
which  testify  to  the  wisdom  and  excellence  of  the  program.  It  is 
also  a  tribute  to  the  far-sightedness  of  the  planning  and  the  per- 
sonal magnetism  of  the  leaders  of  the  organization. 
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•houi  the  team  work  wlu.-j,  actuated  and 

permeated  the  conference,  the  rotiiinr  tuxi  joint  de- 

partmental action,  nothing  like  the  concerted  >ul<i  have 

been   pin    forth.    The  necessity  for  the  nitr  in  ft  iirrnrtjjilinii 
«•  to  consider  all   pltam**  MM-IZI!.  Inm*. 

topographical  and  physical  condr  n\  fanli- 

ties  and  material  posHihihti. -    -wan  but  a  forerunner  of  tin-  fur- 
cooperation  needed  by  the  town  pi  tural, 
eni:m.-.-nnu  and  real  estate  branches  of  • 

lor  to  develop,  in  an  orderly  hut  vn:.   time  prompt 

main  m-edrd  to  IIOIIM-  worker-  Sjq  .-ly. 

tli. •:-.•!'.. r.-.  with  :ili  <>f  thtM  background  and  with 

M  of  tin-   HIT!  »i:  pjiiMluiK   th* 

gram  for  hoiur  l.mMnn:  m  ?!.••  fut un-     IM-!I.  •  if  th<*  enter- 

prise  is  not  approached  in  a  comprehensive  way  wnh  largc-nrale 
production,  it  will  U-  utterly  ir.a.l.  <|u:it.  :unl  i.u1  ..!  fa  purpose— 
conceive'!  the  idea  of  ehronii  lintr  some  of  the  rotirlu^ionj*  from 
this  e\  Manner  it  i>  IHIJM-O!  t!  tvnil- 

al-le  '•  who  have  not  had  a  like  opjM)rtunit\  to  participate 

and  secure  Midi  results. 

The  rii-l. -avor  has  been  to  develop  the  \\i\i\x*  uhieh  miiKt  lie 

:  l.\    unit  Hy  p)-o  ,  |.ro\i«hiiLr  riot  merely  houses 

hul  homes,  with  all  tin  .nt  :ittnhuf»->of  a  living  ami  livable 

town.     Not  all  of  the  tVafuiv.-  .li-.eus.m-<l  in  the  following  ehapt.  r< 

will  IM-  applieahle  to  ;.la«-e.  as  the  re«juin-ment>  a- 

pendetit  upon  i><>  'titi^uit>  to  other  places  and  fa« 

\istent.     Hut  all  mu  :.  so  (hat   if  it    I*- 

unnecessaO'  to  provide  for  any  one  of  them,  then  the  reason 

will  IM-  known.      It  i-  rertainh  J  that  houses  alone,  how- 

AJll   never  supply  a  eomplete  town       It  i*  pre- 

requisite  to  consider  these  and  the  who!,-  town  in  relation  to 

riity:  also  tl  ing  of  *i 

a  and  lots;  parks  and  'ie>:  the  uti!iti.  •«.  such 

rage,  water  <upply    na.n  and  elertririiy.  transit 
and  tran-  Q,  health  and  sanitation.      Tliu-*  we   have    the 

need  to  c«  tture  and  to  uj*e  mon  t  han  one  prate 

d  of  coordination  of  all  under  able  leadership  is 

\VI  ML'  that  engineering  and  it*  related  artivities of 

a    miiihty  part    to  pl.-i\    n.  t  h«    •  \|H-ndit 
\  andthefutiir.  c«>st  of  the  town  and  its  Mirmv.  and  although 
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the  :niilmr  i-  a  pra«-tirmLr  engineer  himself,  this  l»ook  is  not   \\iil- 

fheeMgil  -in  hi-  |Miinl   ol'   \ie\\   alone;    neither 

is  it  a  treatise  mi  technical  practice.      It   h  \\rilim  in  the 

Of  IH.U  _Lr,-n. -rally  arkimwlrd^rd  that,  in  addi- 
tion to  the  aivhitrrt,  win.  i-  first  thmjulil  nf  hrraiix-  WG  *M 
thinking  in  In-ins  of  houses  and  hoim--.  then-  mn-i  !•<•  present  the 
town  planner,  the  la:  dcDCT,  the  en^ineei".  tin 

tai'ian.  the  utility  designer,  tin  LCtOT,  tlie  realtor,  the  civi- 

and  the  pnhlie  spirited  lnisim>s  n-pre>ental  i\ 
To  all    of    these  and    to    eity  officials — pai  ti.-nlai-ly  the  City 

Managers,  Directors  of  Pul>li«-  Worin  and  Municipal Engineen 

and  Arehiterts  tin's  hook  is  dedicated,  with  an  earnest  hope 
that  it  will  appeal  as  filling  a  need  where  no  adequate  treat  i-e 
has  heretofore  existed. 

PlTTSBrii'.H.    Pi: \X A.,  MOKKIS     K.NOWLE8. 

Aug\t*t,  1920. 
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In  addition  to  the  officer*  and  -luff  of  the  Divi*ior 
Tran>  n   and    HOUMIIK  <  (Miration, 

•  1  State.-  Shi;  *ard,  and  oi  the  I'm t«  d  Stale*  Housing 

Corp"  it  t  ment  of  Labor,  whom*  name*  an-  w,-JI  known 

from  oiiicial  publications,  thank-  an  due  to  many  fur  valuable 
assistance  and  advice.  To  partn -ulari/e  would  U  to  include  all 
of  th-  .d  ixHird  fnttn 

his  office  is  the  n  >ult  «.;  team  work.  Mich  a>  i-  p reached  m  thi« 
volume  and  the  result-  IP  tamed  .  cption. 

h  from  the  leave-  QJ  nee  and  the  actual  editing  in 

the  later  month-  ha*  come  from  Charles  M.  Kep|»eri.  for: 
Deputy  Chief  I          MT  and  later  Assistant  Manager.  H«. •;-.:. u- 

orporatp  ••  and  re- 

vi-ior  k  large  degree  to  Mmu  ^<  Imrflf.  George 

1'     Ma-lott  and  .los.-ph  If.  \\ 
App  n  is  due  to  the  author's  associates,  Col.  \Vi 

.',  Waste  Dispos:     -  for  eollalx>ration  on  Chapter 

\'11I   and    M.   M     -  :iegie  Land  Company, 

on  Chap?  d  XL     Many  others  of  the  organization  have 

contributed  to  one  or  more  chapters  or  in   the   production  or 
proof-reading    of    the    l>ook.    amoim    whom    are: — Howar 
llailey.   l-'rank    P.   He>t .  .h.hn    I.  OoOilM,  If.,    Mai.  nelly. 

Charles  L.  Crosier,   r'ranci-  <      Lonte.  . \ndn-w  B.  HH 
(5.    Hess,    C.retchen    Palmer.    John    M.     Ki--.-.     UtOll    0.    Rose, 
Edward  P.  Twoi  \\--rk. 

Acknowledgment  is  here  made  of  the  friendly  services  of 
B.  Antrim  Haldeman.  Town  Planner  of  the  Bureau  of  Munici- 
palities of  the  State  of  Penn>\  I\  ania.  and  Koix-rt  JeOUBOn.  Jr.. 
a  realtor  of  Birmingham.  Alabama.  \\ho  i  ai 

helpful    suggestions  Hoarding   Chapter^    IV  ami    MIL 
iv.lv.       I'  i    in    the  i  if   the 

•  rjx.ration.    Mr.     Haldeman     ha\  ing 
I'ou  n   Planner  and   Mr.  .lemisoii,  Assistant   to  M 

due  Kllwood  II.  McClellan.l.  Terhnioil  LibntH«n. 
Library.   Pitt-burgh,  for  preparation  of  il 
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II   'USING TlIK    PRESENT 


ORIGIN  OF  INDUSTRIAL  HOUSING 

Th<>  housing  problem  is  as  old  as  the  human  race,  for  it  has  it* 

origin  in  tlia  law  of  nature"— self  preserv  Food, 

shelter  and  raiment  are  essential  to  the  satisfaction  of  this  pritni- 

and  ever  since  the  first  man  sought  shelter  in  hi* 

cave,  thr  hMMHhi:  problem  has  been  a  vital  part  of  the  human  life 

STATEMENT  or  PROBLKM 

But  the  need  for  shelter  is  only  the  origin  of  the  problem.  Th* 
normal  man  has  other  healthy  instincts;  for  work — the  chanrr 
to  express  himself  in-  for  play — the  opport  unit  y 

to  re-create  himself  during  th.  hour*  when  he  is  free  from 

his  employment;  for  lovt — and  the  making  of  a  homo  in  which  he 
can  express  his  affections  and  his  devotion  to  his  wife  and  in  the 
raising  of  his  children;  and  for  n-linion— the  establishment  of  a 
n-ht  relation  between  himself  and  his  Creator.  80  much  of  the 
,  man  ami  of  t  he  members  of  his  family  is  spent  in  the 
home,  that  the  latter  reacts  upon  the  satisfaction  of  all  of  these 
instincts,  and  the  housing  problem  thus  becomes  the  home  prob- 
lem, the  problem  of  surrounding  the  home  with  an  environment 
conducive  to  a  full  and  healthy  life. 

he  hou-iiiK  pn.hlem  is  not  one  of  the  house  alone. 
Man  is  a  social  animal,  and  early  exchanged  his  normal  life  for  a 
gathering  in  >«  tt laments,  the  growth  of  which  has  been  one  of 
uost  marked  characteristics  of  the  growth  «.f  mUoaUon. 
The  environment  of  the  home,  thereforv.  includes  the  homes  of 
othrr  human  beings,  the  methods  of  passing  to  and  from  then, 
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2  INDUSTRIAL  HOUSING 

and   tO  and   from    tin-    working   place-   of   their  occupants.      AIM! 
SO  the  housing  problem  h;i-  beOOme  related  tO  complexity 

of  other  problems,  all  of  which  nm>!  !•<   taken  info  account  in  it- 
solution. 

The  Individualistic  Era.  lo  our  pie-mi  industrial 

the  provision  of  houses,  and  the  determine tionof  whether  they  and 

their  environment  >hould  fulfill  the  requirements  outlined  ab< 
or  not,  depended  largely  upon  tlie  intelliu.-nc,-.  energy  ami  thrift, 
of  the  individual.  Dunn-,  and  for  a  long  time  after  the  primi- 
tive age  and  the  period  of  serfdom,  the  family  supplied  all  of 
its  own  needs — food,  raiment,  and  shelter.  And  later,  evn  when 
specialization  began  to  be  well  developed,  production  was  car- 
ried on  in  small  units.  Men  were  largely  capitalists  as  well  as 
workers,  house  builders  as  well  as  home  makers,  so  that  any  man 
of  energy  and  thrift  could  have  the  opportunity  of  exercising  a 
measure  of  control  over  his  destiny. 

The  Factory  System. — The  invention  of  the  steam  engine  and 
the  development  of  the  fin-tor  MI.  however,  completely 

changed  the  housing  problem,  as  they  likewise  altered  all  the 
other  factors  in  life.  Speciali/ation  has  been  carried  to  a 
point  where  some  of  our  workers  spend  their  working  hours  re- 
peating, times  without  number,  a  single  mechanical  operation. 
And  out  of  the  wages  he  receives  for  devoting  his  energies  to  this 
single  function  in  the  supply  of  the  wants  of  the  social  organism, 
he  must  provide  for  himself  and  for  his  family  food,  clothing, 
shelter,  recreation  and  all  the  needs  which  once  were  provided 
within  the  family  itself,  and  which  must  be  fulfilled  in  order  to 
promote  a  normal  family  life. 

At  the  same  time,  specialization  applies  to  all  the  other  ele- 
ments in  production.     One  man  devotes  himself  to  the  designing 
of  the  machines,  which  permit  the  workman,  by  his  thousands 
of  repetitions  of  a  single  task,  to  vastly   increase  his  output. 
S'ill   another  tend-   the  boilers,   which  supply  the  force  to  the 
machines;  a  separate  group  mine  the  coal  to  operate  the  boil- 
others  supply  the  skill  in  management,  which  co-ordinates  the 
efforts  of  the  workers  and  still  others  control  and  direct  the  u 
capital  and  credit,   which  supply  the  life  blood  of  the  whole 
industrial  organ i-m. 

Therefore,  even  though  wages  were  sufficient  to  meet  the  legiti- 
mate needs  of  the  worker  and  his  family,  and  even  though  he 
should  l>e  thrifty  enouirh  to  WVe  tl  "f  providing  hin 
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with  a  i...  in.',  the  fa-  -uiii  ant!  iu  tpnfi'aliiafion  do  not 

rondure   t<»   tin-   deVelupim-nt    ••!    !.. 

lines  so  fa  •••m  the  jol.  \\lu.-h  ln«  knows,  an  in  boy** 

House  design  and  conv  i  th.-  pi 

"i"  h'-use*  have  themselves  become  highly  Npvrtalix* 

•Hiding  trades  and  mpply  in,,-.  «*  *  .-II  as  the  credit 

ami   iinam-ial  machinery   in   u-«-   in   OOBBtd  h  KUch  opera- 

Small  \\nit.li  r,  thru,  that  '  luui  long  paaod  when 

in-li\  i.lu.il  artion  ran  IJ..JH  .  :i  Mipplv  of  homes  equal 

tn  tho  demand,  or  that  the  law  of  »U|  i  demand  and  th.- 

need  of  spm-i  -h.mid  have  called  into  twin*  the  real 

estate  operator,  the  speculative  l»uil.|.-r.  tin-  iM-iu^r.-il  bouainc 
pnil'lrm.  an.  I  the  nccc«Hit\  of  intrrvriit  i<m  !>  v  governments  and 
imiu  <-mpt 


1UI  M. 

Th.  :ii-  problem  eameearly  m 

the  history  <»f  tin  system.  «|u«-ntly  happens, 

Mirh  recognition  was  sporadic  and  partial,  and  not  general  and 
complete.     Thus,  the  problem  has  grown  out  of  all  pro|» 
to  remedial  measures,  anil  th<>  result  has  been  the  unhealthy  and 
!  hnu-iiiK  eoinliiinnN  in  inir  «-ities  and  industrial  towns, 
with  which  all  are  familiar;  and  a  description  of  wlm-h  is  no  part 

lie  silhjeet  of  this  l»ook. 
Looking  back,  with  the  di>eermm-nr    U. 
easy  to  see  the  n-ax.n  fnr  these  OOadltiOM.       !  :  •    '      ' 
required  the  cone.  n  of  the  \\orkiim  |«»pulati..n  in  cities, 

and  thnx,.  ,-ities  hav.-  ^rown  hy  leaps  an.  1  Inmrnls.  Workers  have 
come  into  the  congested  areas  fmm  rural  di-triet*,  with  habits 
and  standards  of  livii  !y  un-mt«  -«1  to  the  new  condition*, 

ami  with  no  realization  of  th«  f  th. 

their  health.  e..mi'M  it  andeffieiei  the  name  time, 

.uid  houM-  ami  town  Kudding 

were    lef-  ••    greed    and    unenliKhtened   nelf-inl«rest; 

thus  our  rities  m-i-w.  wirhoiit  int.-llm.-nt  planning,  —  a  betaro- 
UeriMiu-.  mixture  •.?'  t  h«-  i:  .....  1  alld  '  .  '  • 

consequences    which    thn»atene<l    IMMMM!  tlmniieh    tin- 

growth  of  the  congestion  and  the  resulting  iniuinitan-  xurround- 

1  so.-ial  ronditiona. 

Esrly  Efforts  and  Improvement.—  -Tim-.-  di-tinrt.  phases  ean 
be  distinguished  in  the  history  of  the  movement  to 


lii mns.  which  may  be  designate'}  •  >!'  i 

Mudy  and  construction. 

The  tirxt    indud-  -cognition  of  the  problem.  :in<l  some 

attempts  clouded  by  other  policies,  by  such  early  humanitarians 

as  RoU-r-  and  i  In-  work  of  civic  and  social  workers  and 

rharitable  QCfUlixatinns.  in  britming  home  to  tin-  world  tin-  im- 
portance of  the  problem,  tin-  dangers  of  the  condition^  \\hich 
were  developing  and  the  opix>r(  unities  for  social  pmgre»  through 
better  housing.  In  this  phase,  data  and  opinion-  wen  compiled, 
and  much  light  tin-own  upon  thr  relation  of  (lie  housing  prol»l<-iu 
to  the  individual,  to  industry  and  to  th<  At  tli<-  >ainr  time, 

various  unrelated  and  often  groping  rtTort>  \\cn-  made  to  improve 
condition-^,  many  of  them  dictated  l>y  philanthropy,  and  a  !•• 
ning  was  made  in  corrective  leLM>lat  i<»n.  re<iiiiririLr  the  abolition 
of  slums. 

Study  of  More  Complete  Remedies. — In  the  second  phase 
of  the  movement,  ways  and  means  for  solving  the  problem  more 
completely  were  studied  and  discussed,  and  the  industrial  housing 
problem  began  to  be  distinguished  as  a  special  form  of  the  genera  1 
housing  question.  Restrictive  legislation — fixing  minimum 
standards  for  light,  air,  sanitation  and  convenience — and  the 
establishment  of  municipal  housing  bureaus,  to  pass  on  plans 
and  to  make  inspections,  were  characteristic  of  thi>  period. 

Various  pioneer  attempts  were  made  to  solve  the  problem  in 
some  of  its  phases,  by  the  construction  of  the  early  industrial 
towns  and  mining  camps,  and  by  building  of  mill  tenement-  and 
company  boarding  houses  in  early  New  England  developments. 
The  j>eriod  was  characterized  by  incorrect  social  hypotheses  and  a 
complete  lack  of  consideration  of  this  all-important  aspect  of  the 
industrial  housing  problem.  A  direct  result  was  too  often  an 
academic  paternalism,  and  misdirected  charity  which  produced 
its  most  dismal  failures  in  America,  where  native  individualism 
and  independence  are  directly  opposed. 

1/u ring  this  stage,  progress  was  facilitated  by  co-ordination 
with  other  movements  and  influences,  such  as  better 
tary  standards  and  practice,  and  the  development  of  the  town 
planning  idea.  A  powerful  influence  has  been  directed  upon  the 
movement  for  better  housing  by  the  development  of  public 
health,  sanitary  science  and  engineering,  and  of  the  art  of  town 
planning. 
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The    discovery     o|     lli«-    gel'lli     t  he.  ,i  >      oi     (&•*•«     BUM!      !«        .      .- 

the  exact  definition  «.i  dm  dangers  of  condition*  which  had  long 

INM  n    condemned   a>   ,-\  il.       It    al>«»    j«-i  linf  !.-.  1    fclu    !  •  •»  ::  -  'i  !  .-.  '  .•  •:.      .n 

MS,  of  (ho  requirements  of  health  with  respect  to  light, 
leanliness,  quality  of  water  sup;  .«m  of  human 

waste  \t  t  he  same  time,  the  relation  of  the  arrungjsment  Of 

blocks  and  street*  to  heah  -nicnoo  and  amenity, 

an.  1  1  he  possibilities  of  vc  as  well  as  practical  town  In 

li:i\V   In-come   -  .  clearly    <  IrllH  .li-f  I  a  f  r.  1    that    |f    I-    !M.    I--!,-,   f    |H.  --.!•!.• 

to  separate  the  housing  prnl.l.-m  ir..n,  th  1  regional 

planning. 

•lency,  which  has  had  powerful  influonco  ujM.n  th<» 

"pinent  •  i  hniiv|Ilkr  prohlem,  has  been  the 

IK  tit  of  some  of  our  largest  industries  ou 

into  Miluirlian    .  lined  towns,  creatoil   f«.r   the 

purpoiie   of   housing   the    lalxir  supply.     Graham    H.   Taylor1 

has  well  expressed  this  movement  as  the  resultant  of  centrifugal 

and  centripetal  forces  of  cheap  land,  low  taxes  and  room  for 

growth.  ;  -niustry  out  congested  city  area;  and 

railro:  ties  and  proximity  to  markets  and  labor  supply, 

holding  imlustry  in  tin-  n.-iirhUirhood  of  urban  centers. 

The  effect  of  this  last  ten<l<-n<  v  has  been  to  open  up  an  entire, 
new  field  of  opportunity  in  doi^nin^  in<lu»rrijil  villages,  down 
t<>  the  last  detail;  thus  they  may  best  serve  the  needs  of  the 
human  elements,  and  of  ti  ry  through  which  t  hex- 

make  their  eeonoiuie  eont  rihut  ion  to  soci. 

Construction    and    Prevention.—The    present   stage  of  the 
housing  may  be  described  as  one  of  pre- 

ventive, constructive  and  economic  activity.     The  value  of  the 
!  ounce  .mi  has  been  recognised  and  the 

critici>in  •  ^  conditions  is  U'ing  coinhined  with  the  mtults 

of  academic  studio  ami  with  the  practical  IsjHM  BMUCBed  from 
pioneer  attempts  at  impn>\.  m<  nt.     On  this  basis,  the  sol 

il  hoiiMiiu'  problem  is  being  sought  in  the  co-ordina- 
tion of  the  industrial,  ci\i<\  municipal,  state  and  national 
agencies,  so  as  to  bring  al>out  the  const  ruction  of  sanitary  and 
attractive  homes,  grouped  in  convenient  and  healthful  towns, 
under  conditions  which  will  i*  -rmit  the  workingman  to  rent  or 
buy  a  home  within  the  limit-  of  his  resources. 

'SatdfiteJ 
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EXAMPLES  OF  INDUSTRIAL  HOUSING 

OBI    i  in     \N  \K 

.  tmples    of    industrial    housing    were    of    two 
types,  the  mill  tenements  and  boarding  houses.  :m<i  tin-  mining 

Mill  Tenements.— The  :  ctife  mill-  • -iahli>hed  in 

towns,  where  a  lal*»r  supply  existed  and  rould  be  drawn  upon. 

AS  COngC*t  ion    lei    to    :  Mini    like    lioh.  it    <>u, 

New  Lanark  in  Scotland,  and  Francis  ('alx)f  Ixmell,  in  Massa- 
chusetts endeavore<|  to  improve  conditions  by  constructing 
"model"  mill  tenements  and  hoarding  houses;  "model,"  that  is, 
for  those  days,  about  the  heginning  of  the  nineteenth  century. 
would  not  compare  favorahly  with  one  of  our  modern  in- 
d  villages.  Thus  these  earliest  examples  were  primarily 
philanthropic  in  origin. 

Mining  Camps.  The  mining  industry,  however,  differs  from 
others  in  that  it  usually  is  carried  on  in  isolated,  uninhabited 
•A  here,  just  as  on  con>t  ruction  jobs,  M>me  type  of  .-heller 
for  the  labor  force  must  necessarily  be  provided.  Under  t  he.-e 
conditions,  and  without  the  ideals  that  were  back  of  the  lirst 
mill  tenements,  the  iirst  mining  vilh-j<-<  i  and  many  of  the  later 
ones)  grew  up  as  parish  groups  of  shanties,  without  ade(jiiate 
sanitary  facilities:  and  absolutely  devoid  of  comfort ,  at t  ractive- 
ness  and  opportunity  for  recreation.  Such  villages  have  been 
deservedly  called  ''camps''  and  ''patches,"  and  whether  they 
have  existed  at  mines  or  factories,  they  have  done  incalculable 
damage  to  the  spirit  of  American  industrial  lalx>r. 

Early  Industrial  Towns. — During  the  latter  part  of  the  nine- 
teenth eentury,  and  at  the  l>eginning  of  the  twentieth,  industrial 
concentration  and  the  movement  of  factories  to  the  suburb-  had 
progressed  far  enough,  so  that  industrial  housing  experiments 
began  to  appear  on  a  more  important  scale  than  the  early  mill 
villages  and  mining  camps. 

Pullman,  o  d  }>etween  1880  and  1885,  and  Gary, 

started  about  1906,  are  typical  as  well  as  two  of  the  mo-t  impor- 
tant examples.  In  each  case,  a  <jreat  industrial  corporation 
created,  out  of  undevr-lof>ed  nature,  a  complete  city,  where  va- 
cant field-  had  In-en  In-fore.  And  in  each  case  failure  to  .-olve 
the  human  problem  and  to  promote  sound  conditions  resulted 
at  Pullman,  h-  of  the  unwi-e  paternalism  of  the  company's 
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sij  and  ,  because  there 

tO    exploiting  (In-    1110*1    diffiriilt    part    of   i lu« 

in.    tin-    lion  tii.-   Mii^illiil   worker,  and   because 

i... rliing  adequate  was  d<  relieve  the  mon  f  the 

and  <  lunes. 

<  x  IHT  equally  effective  examples  ooul  y  be  cited,  but  an 

iew  is  to  trace  ti  i  the  develop- 

ment of  the  industrial  hoiuiing  problem  and  its  solution  and  not 

t«.  catalomie   the  .-\|H-I  uu.-i.  •  >   tliaf    B*TC   bfjSJI    Mi.-d,   klslH   '  .'•  pi-'al 

examples  will  nerve  the  pur|KJse. 

The  Garden  City  Movement.-  1  1  when  these 

rarly  e\{>.  -  were  being  tri<M|,  tin-  garden  city  innvni. 

Englaixi  an<l  mi  tin-  continent  was  gaining  headway,  and  began 
to  111.  :lu«-ncr  frit  :  ica.  Such  ir 

ments  as  Hampstead,  Boun\  Harbourne  and  Letchworth 
were  wid<-!\  PI.-MMV.I  to  our  in<lustn:il  companies  and  town 
planners  a.s  r  Ini|x-tii8  was  thus  ^iv.-n  to  tl,«-  idea  of 

planning  iii'lu-tnal  \iM.t-  and  to  the  accen- 

ia<tivciiess  as  an  eh  in<  n*   in  prompting  healthy 
life  and  a  productive  in«lu>t  i  ial  >pirit. 

At  the  same  iu>  example  of  Port  Sunlight  strengthened 

the  recognition  that  paternalism  could  not  MI.TCV,!  in  democratic 
iflft,  The  organization  and  LM«.\\ik  of  Co-partnership 
Tenants  Limited,  in  Kntrland.  ho\\,-\.-r.  l.routrht  out  in  a  sugges- 
tive way  the  possibility  of  making  use  of  cooperative  methods  of 
organization. 

Newer  Industrial  Towns.-— Under  the  influence  of  all  these 
examples  and  forces,  the  early  mistakes  were  followed,  in  the 
early  part  -.\vntietheen1.  wns  which  showed 

progressive  growth  toward  higher  and  better  ideals  in  industrial 
housii  Tinted  States  Steel  Corporation  has  built  at 

.eld,  Alabama,  a  town  which  still  stands  as  an  ex- 
ainpl..  in  many  ways,,  of  the  attractive  possibilities  of  town 
I M  n  M  inn  under  centralized  control  and  intelligent  planning. 
Later,  at  Morgan  Park,  Minnesota,  the  same  corporation  built 
an  equally  attractive  development,  and  at  the  beginning  of  the 
Great  War  plans  had  been  completed  for  a  steel  city  at  Ojibway, 
Ontario,  (not  yet  built).  All  of  these  represent  the  best  efforts 
of  some  of  the  best  trained  town  plai  gineersand  archi- 

tects in  the  country,  and  give  promise  of  results  which  will  go 
far  toward  the  solution  of  the  housing  problem. 
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•  work  of  this  greatest  of  industrial  corporation*  ha>  I.een 
iin|x>rtaiit,  and  has  resulted  in  the  development  of  a  more 
comprehensive  program  than  that  of  any  other  company,  hut 
many  others  have  taken  part  in  the  movement,  and  U-fmv  the 
War  there  were  already  many  attractive  developments,  lo- 
cated in  all  sections  of  the  country.  Complete  lists  will  U> 
found  in  the  l>il»liography  in  the  Appendix,  hut  thr  later  develop- 
ments of  some  of  the  villages  of  the  New  Knuland  textile  mills 
and  of  the  Ohio  rubber  industries  are  particularly  notnMi . 

EKI  i  01  01  THK  diu  \  i    \\ 

No  field  of  human  endeavor  escaped  the  profound  effect  of 
the  great  cataclysm  of  the  Great  War,  and  the  industrial  hous- 
ing movement  was  entirely  altered  and  made  over  l»y  it. 

Cantonment  Construction. — The  most  pressing  housing  need, 
upon  our  entrance  into  the  War,  was  the  provision  of  shelter  for 
the  millions  who  were  to  be  called  to  the  colors  during  their 
period  of  training.  The  construction  of  the  National  Army  can- 
tonments and  the  National  Guard  camps  resulted;  (he  greatest 
l»uilding  construction  program  ever  undertaken. 

While  the  work  of  the  Construction  Division  of  the  Army  can- 
not properly  be  considered  as  a  part  of  the  industrial  housing 
movement,  nevertheless,  it  could  not  fail  to  exercise  an  import  ant. 
influence  upon  the  latter.  For  it  gave  us,  a  new  experience  in 
comprehensive  planning  and  organization,  and  demonstrated 
anew  the  fundamental  character  and  advantage  of  large  scale 
production  and  many  of  the  principles  upon  which  the  modern 
art  of  housing  and  town  planning  are  founded. 

Governmental  Housing. — The  most  direct  influence  of  the 
War  upon  industrial  housing,  however,  grows  out  of  the  house 
and  town  construction  undertaken  by  the  Government  itself. 
Equally  important  with  the  training  of.  our  soldiers  was  re-or- 
ganization of  our  industries,  so  as  to  increase  vastly  the  produc- 
tion of  those  things  which  are  most  needed  for  the  supply  of 
troops  in  modern  warfare. 

The  effect  of  this  imperative  necessity   was   deep  seated. 

Workmen  had  to  be  concentrated  in  the  vicinity  of  mills  and 

:ies  and  shipyards,  and  removed  from  section-  \\here  they 

were  established  in  leas  essential  industries.     Huge  additions 

had  to  be  Iwilt  to  existing  and  new  plants,  and  shipyards  were 
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thrown  up  over  night  in  new  localities,  many  of  them  of  a  sise 
to  stagger  the  imagination.  The  distribution  of  materiak  of 
all  kinds,  and  the  control  <»f  t numportation  ha«i  tken  over 

l.v  the  rent  ml  Government,  in  order  to  make  possible  the  carry- 

ix  Mii|N-n«lous  program. 

'•umstanoes,  the  ordinary  machinery  for  nup- 

pl\iiiK  -U, -Hint's  for  workiiigmen  and  their  funuli.-.  through 
private  in.  iiul  through  the  activity  of  industrial  corpora- 

tions, coul«i  not  l>ut  l»n-ak  down.    The  Government,  therefore, 

was    roiiijN-llni    to    uiiilrrtak.-    hoii-i-    an«l    t.,\\n    .-,  ,n-»  r  >;.'.. ,:;    .:. 

order  t<>  unprecedented  shift  in  population. 

The  United  States  Housing  Corporation  and  the  Housing 

<>n  of  the  Emergency  Fleet  Corporation  were  the  result. 

The  form<  r  planned  128  towns  or  groups,  an  estimated  cost  of 

win.  h  was  $112,000,000,  which  contained  19,100  dwelling*,  suffi- 

to  house  a  total  of  21,000  families.    The  latt.  r  made  a 

total  expenditure  of  about  $71,000,000  and  built  27  towns, 

containing  8,841  houses,  with  a  total  capacity  of  0,493  futnilif*. 

Mistakes  were  made,  of  course,  by  both  organizations,  as 
mistakes  were  made  by  every  agency  which  worked  under  the 
pressure  of  the  con<lr  ited  by  the  Great  War,  and  costs 

were  greater  than  they  would  have  been  in  construction  carried 
out  un-l.T  more  normal  conditions.  But  in  general,  the  work  of 
the  United  States  Housing  Corporation  and  the  Emergency 
Fleet  Corporation  cannot  fail  to  have  a  lasting  and  beneficial 
ujH.n  industrial  housing  in  Am.-ri.-a.  iking  advan- 

tage of  the  experience  to  \\hirh  reference  has  been  made  above, 
of  these  services  called  to  their  aid  skilled  architects, 
<  iminoers,  town  planners,  landscape  developers,  realtors  and 
members  of  all  the  other  professions,  whose  work  is  involved  in 
industrial  housing.  The  result  has  been  that  these  developments, 
scatterr.l  throughout  the  <•»  >unt  ry.  have  set  standards  for  compari- 
son whirh  will  doom  to  failure  any  less  carefully  planned  housing 
:  the  fir 

The  House  Famine.— However,  it  is  not  only  by  these  in- 
' -fences  that  the  War  has  affected  industrial  housing. 
The  Government  program  was  only  just  begun  when  the  Armistice 
was  signed,  and  only  a  fraction  of  it  was  carried  to  completion* 
However,  even  if  it  had  been  entirely  completed,  there  would 
Htill  have  been  a  shortage  of  homes.  As  it  is,  the  famine  has 
spread  to  even  city  and  town  in  the  land,  and  it  is  estimated 
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that  there  is  a  deficiency  below  actual  needs  of  about  2,000,000 
homes  in  the  country  today. 

The  causes  of  this  situation  are  evident.  Pint,  tin-  shifting 
of  population,  incident  to  the  industrial  reorgani/al inn  during 
the  War,  was  only  partly  temporary.  Our  shipyards  an-  ooa- 
tinuing  to  build  fnr  mir  New  Merchant  Marine.  :ind  many 
munitions  plants  have  bo*--  *ted  into  peace-time  industrial 

plants.     A  permanent  increase  in  the  population  of  our  indn 
cities  has  then-fore  re-ulted. 

At  the  same  time,  tin-  construction  nf  dwellings,  even  including 
the  Government  construction,  far  from  being  sufficient  to  meet 
this  abnormal  increase  in  demand,  did  not  even  keep  pace  with 
the  normal,  peace-time  increase  in  reo,uiivm.-nt~.  and  in  fact, 
for  three  years,  was  practically  at  a  standstill. 

A  serious  deficit  therefore  exists,  as  is  evidenced  by  the  dis- 
tress of  home-seekers  in  all  parts  of  the  country,  l»y  the  counties 
industries  being  forced  into  the  housing  field,  and  by  the  nu- 
merous "housing  corporations"  being  organized  all  over  the 
land. 

Construction  Costs. — A  further  effect  of  the  War,  and  the 
financial  upheaval  accompanying  it,  ha-  been  the  great  inci 
of  construction  costs  above  all  piwimi-  level*.  The  inflation 
of  currency  and  the  expansion  of  credit,  together  with  other 
influences  affecting  the  supply  of  and  the  demand  for  goods  and 
labor,  have  decreased  the  purchasing  power  of  the  dollar  to  a 
"ii  nf  that  before  the  War.  Prices  have  thus  risen  to  a 
point  that  has  practically  destroyed  the  usefulness  of  all  past 
experience  in  construction  OOBte,  and  that  has  intrndueed  an 
element  of  uncertainty  which  tends  tn  retard  all  influences  look- 
ing to  the  restoration  of  normal  supply  of  dwelling  hoi; 

At  the  same  time,  the  lag  which  always  accompanies  change- 
in  price  levels,  and  the  unwillingness  of  tenants  to  pay  increased 
rents,  coupled  with  the  readiness  to  single  out  the  landlord  who 
increases  rents  as  a  "profiteer,"  have  combined  to  destroy  the 
incentive  to  private  builders  to  build,  while  making  financially 
more  difficult  the  carrying  out  of  housing  programs  by  indust  ties 
and  housing  corpora!  l< 

Governmental  Aid. — The  breakdown  of  the  usual  economic 
machinery  for  securing  the  construction  of  houses  had  led  to  an 
increasing  pressure  on  <  ;«>v< -mments,  both  here  and  abroad  tn 
subsidize  house  construction  by  tax  exemption,  by  loans  at  low 
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1   in  other  uuy».      In   tin-  couir 
loan  bank"  Icm-datiMj,   ha*   N-en  inltodueed  and  »(rongly 
«i|H.n  CongPOH*.      Both  in  Cn-at    Hritain  and  in  Canada,  fund* 
have  d  and  loan*  for  the  con-  of  low  priced 

houses  have  been  autlmriiod. 

THE  PRESENT  PROBLEM 

'he  prw«  -,e  industrial  luiusing  problem 

neston  .pin. -nt.     A  general,  acute  shortage 

of  homes,  and  the  price  -,,  have  made  impossible  the 

solution  of  the  prol.l.-m  l,\    individual  action,  and  have  made 
large  scale  house  l.y  specialised  agenU,  not  only 

desirable,  but  a! 

ic  of  e\|H-rience  has  i  the  value  to  industry  of  a 

•mm.-  n<*t  only  •   in  quantity  hut  ftatinfactory 

lie  nn  the  stabi. 

and  lo\  \\ell  known. 

In  solving  the-e  prnl.lems,  the  incomes,  habits  and  desires 
of   the  employees;  the   requirements  of  the  industry  and   the 
•  •  community  and  the  state  all  must  be  taken  into 
it.     Subsidy  l»y  industry,  philanthropy,  or  by  the  Govern- 
ment may  possibly  be  helpful  agencies,  hut  in  any  case  industry 
is  so  vitally  interested,  it  must  achieve  some  successful  solution 
in    order    to   attract    and    keep   MiitaMe    laW.     The   numerous 
hat  have  been  made,  and   the  experience  during 
the  War,  have  demonstrated  that  in  order  to  fulfill  these  require- 
11  consideration  must  be  given  to  the  health,  comfort, 
convenience   and   amenity,   and    finances  of   the   prospective 
occupants. 

present  day  problem  nf  industrial  housing,  therefore,  is  to 

organi/e    the    necessary    professional   services, — together 

the  employer,  the  employee,  the  municipality,  the  state  and  the 

n;  so  as  to  secure  the  construction  of  homes  for  our  work- 

•  >f  such  kind,  in  such  surroundings  and  on  such  terms  as  will 

promote  their  .  and  as  will  cultivate  an  industrial  spirit 

will  lead  to  the  increased  p  n  which  is  the 

need  of  our  country  and  of  the  world. 


CHAPTER  II 
FUNDAMENTAL     PRELIMINARY    CONSIDERATIONS 

ADVANTAGES  OF  MODERN  INDUSTKIM.  HOUSING — COST  OF 
MODERN  INDUSTRIAL  TOWNS — MARGINAL  I  H.I  KIT  OR 
NECESSITY  FOR  SUBSIDY — PROCEDURE  OF  ORGANIZATION 
AND  FINANCE — TECHNICAL  PROGRAM 

Introduction. — The  industrial  housing  question  may  l>e  con- 
sidered to  have  two  phases;  one  in  connection  with  urban  indus- 
tries and  one  for  rural  industries.  By  far  the  greatest  mini  her  of 
industries  have  been  established  in  existing  communit  ies  and  tin 
housing  of  workmen  in  such  circumstances  has  followed  channel- 
which  have  been  largely  undirected  and  uncontrolled  by  the 
promoters  of  the  industry. 

Frequently,  in  connection  with  modern  plants,  correct  lighting. 
ventilation  and  sanitary  facilities  have  been  installed,  in  order  to 
maintain  efficiency  and  health  among  the  workers.  Thus 
working  conditions  within  the  plants  have  improved  constantly 
and  steadily,  while  housing  conditions  of  the  families  in  the 
adjoining  communities  have  been  forgotten  and  too  frequently 
have  grown  steadily  worse.  Private  enterprise  and  personal 
effort  have  failed  to  create  wholesome  or  adequate  homes  and 
living  conditions  for  workers  and  their  families;  large  concerns, 
therefore,  now  generally  realize  that  the  housing  of  employees 
must  be  considered  a  problem  of  industrial  development.  It 
cannot  be  evaded  or  solved  by  merely  establishing  the  industry 
within  an  existent  community.  It  is  incumbent  upon  the 
management  to  see  that  satisfactory  homes  are  available  for  the 
workmen,  if  not  by  independent  agencies,  then  by  the  assistance 
or  initiative  of  industrial  executives. 

In  the  second  classification,  the  industry  is  to  be  situated  in  a 
rural  or  isolated  section  and  hence  demands  the  creation  of  a 
new  community  with  all  of  its  multifarious  details.  It  has  some 
of  the  elements  of  the  foregoing  situation  but  in  many  features 
is  peculiar  to  itself. 

12 


r.U  /'/;///  U/\  IA-)    i  M\.S//,AAM//«/.N.S 


Certain  Industrie*  for  years  have  bound  their  workmen  in 
isolated  "company  town*.  '  In  many  cases  theae  towoa  have 
consisted  of  a  garish  croup  of  bouses,  *  uJequato  sanitary, 

recreational   or   livable   f:u-ilitu«.    They   have  frequently   and 
deservedly  been  called  "campa."    To  infuse  the  vital  bn-atl.  ..f 
o  convert  patches  of  house*  into  a  community  of  home*; 
to  mnk.   t  hf  ramp  a  town  ;  this  in  the  aeeond  phase  of  the  indu*- 

tn:il   Imn.-iiiK 


ADVANTAGES  OP  MODERN   INDUSTRIAL  HOUSING 

Does  It  Pay.  —  No  new  enterprise  will  merit  favorable  reeog- 
i  until  tli.-  emin.-ntly  practical  and  sensible  question—  -does 
it  pay?  —  is  given  consideration.  What  are  the  costs  of  and  what 
bfl  n-Turns  on  modem  m«lu>trial  housing? 

Unfortunately,  like  many  influences  dealing  with  human  be- 
ings, the  ret  u  <>me  housing  cannot  be  accurately 

expressed  in  dollars  and  cenU.  The  stresses  and  strains  of  hu- 
man nature  follow  no  exact  law,  as  do  those  in  concrete  and  steel. 
Because  returns  are  immeasura  Me.  however,  does  not  indicate 
they  an-  not  real.  Favorahh*  influence*  and  reactions 
resulting  from  good  housing  are  easily  discerned  by  those  who 
seek  them. 

Many  a  community  may  at  first  wonder  why,  according  to 
the  Fourteenth  Census,  it  takes  a  place  lower  in  the  rank  of 
populations  than  formerly  accorded  to  it.  As  a  result  there 
may  possibly  be  a  more  general  re  lization  of  the  discriminating 
elimination  by  labor  of  sueh  places  as  do  not  provide  comfortable 
and  convenient  homes,  pleasant  surroundings,  adequate  trans- 
portation, potable  water,  and  educational  and  recreative  facilities, 
and  why  labor,  therefore  avoids  unsatisfactory  living  conditions, 
insofar  as  possible.  Tin-  na<  tion  of  labor  to  environment  is 
none  the  less  real  because  it  may  be  only  vaguely  felt  rather 

than  enn.-einu>ly  iva>un«-«l. 

Plant  and  Town  Compared.  —  An  ill  i  of  the  need  of 

wholesome  living  conditions  may  be  exhibited  by  a  comparison 
of  the  miinU»r  of  hours  s|x*nt  in  the  plant  by  the  workers. 
the  number  of  hours  spent  in  the  community  t>y  the  family. 
Assuming  an  eight-hour  working  day  and  300  working  days  per 
tnbeconiput«Nl  that  the  industrial  worker  is  in  the  plant 
only  'J7.I  jx-r  cent,  of  his  time.  Moreover,  if  in  the  average 
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family  of  five,  we  awunio  that  1}  •>  members  arc  engaged  .-it  the 
plant,  it  is  seen  that  only  8.2  per  cent,  of  tin-  mi  in-  family's  tim<> 
is  spent  in  the  plant.  Tin-  remainder,  or  '.H.s  j..-r  oent.,  i-  >pent 
under  infhienoee  considered  under  the  subject  of  "  Indust  rial 

' 

To  the  average  man  the  most  interest iim  ami  important  con- 
sideration in  life  is  himself  and  his  immediate  family.  He  works 
for  a  wage  simply  that  he  may  be  enabled  to  obtain  the  neces- 
sities of  existence  and  enjoy  the  pleasures  of  life.  The  wage  it- 
self is  merely  the  medium  in  the  barter.  It  is  true  that  while 
the  workman  derives  his  all  important  livelihood  while  at  the 
plant,  the  expenditure  of  this  income  on  h< HIM- rent,  food,  clot  i 
and  recreation  is  directly  affected  by  townsite  conditions.  And 
surely  the  conditions  under  which  the  income  is  expended  to 
obtain  the  necessities  and  pleasures  that  are  demanded  should  l»e 
as  carefully  considered  as  are  those  under  which  the  pay  is  ol>- 
tained.  While  the  plant  is  the  mean  of  livelihood,  the  home  and 
the  town  are  the  tangible  means  of  expressing  life;  what. 
improves  living  conditions  reacts  upon  the  individual  as  potently 
as  do  improved  working  surroundings.  J.ahor  mm --i  i-  not  due 
entirely  to  lack  of  sufficient  pay.  l»ut  in  many  cases  to  the  psy- 
chological effect  of  the  laborer's  family  upon  himself,  due  to  poor 
living  conditions. 

Labor  Turnover. — Wholesome  living  conditions  have  gen- 
erally been  highly  effective  as  an  aid  in  preventing  or  reducing 
labor  turnover,  with  its  enormous  costs.  The  recent  experiences 
of  our  war  industries  convincingly  proved  that  unsatisfactory 
and  inadequate  housing  was  one  of  the  principal*  the 

enormous  labor  turnover,  which  in  the  early  stages  of  the  work, 
so  interfered  with  their  productive  efficiency.  Even  unusually 
high  wages  failed  to  hold  the  workers,  and  as  a  consequence  the 
United  States  Government  was  forced  to  appropriate  $190,000, 
000  to  provide  good  houses  for  the  workers. 

Alexander,  in  1913,  found  no  fewer  than  five  distinct  elements  of 
cost  in  hiring  and  training  new  employees.  These  were: — cleri- 
cal work  in  connection  with  the  hiring  process;  instruction  of  new 
employees  by  foremen  and  assistants;  increased  wear  and  tear 
of  machinery  and  tools  by  new  employees;  reduced  rate  of  pro- 
duction during  early  period  of  employment ;  increased  amount  of 
spoiled  work  by  new  employees. 
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The  MUM  inve*ti»:  :i.-d  t«.  I-..-  foctoricK,  where  42.200 

employee*  wen-  h  IP  I  estimated  that  the  cu»t  of  hiriof 

a  new  man  was  between  $35.00  and  $10.00. 

G  reave*,  in   ivi  I,  made  a  factorie*,  where  60,000 

new  employee*  were  hir«  000.    lie  intimated 

the  eott  of  hiring  to  be  $40.00  per  man  employed. 

In  I'M  v  tlu-  ••-.-?  of  i.r.-  ;.i:  -  in  a  new  employee  was  mtimatrd  to 
be  from  $7.*>  t  «.$!.'•<  General  Motor*  Company. 

The  Ford  (•  from  Octolx  .  »  13,  had  a 

turnover  i>f  110  per  cent  ,  and  the  yearly  coat  of  tin-  turnover  waa 
•aid  to  be  over  $2,000,000. 

During  1016,  a  rubber  company  in  Ohio,  employing  16,000  mea, 
found  that  it  hud  a  turnover  «  i"  .{0,000  men.    It  wa»  found  that  85  per 
f  theee  were  single  men,  between  21  and  30  yean  of  age,  and 
Amarioana, 


If  the  same  posit  ion  must  be  refilled  throe  t  one  year 

not  an  uniiMial  turn<»\vr  at  the  cost  of  say  $240  per  year, 
theee  changes  \voul<l  a  <•  a  loas  that  wouM  j»;i\  the  interest 

on  an  invent  nu-nt  of  $4,000,  a  sum  which  would  go  far  toward 
;  'lying  a  >ati-f:ictory  imime. 

Regulated  Payrolls.  —  A  modern  im  In-trial  town,  plannr«l  in 
proper  relation  with  the  plant,  i*  rmita  a  oonaciotiB  control  over 
the  selection  of  the  classes  of  rmployci-s,  imjxMBible  of  if 
ment  when  the  town  i>  not  "l>uilt  to  onlrr."  Industrial  mana- 
gers and  fonm<n  know  only  too  well  that  the  percentage  of 
married  to  sin.  .-an-i.-.i  on  the  payroll  i>  often  affected  by 

the  casual  availability  of  rooms  or  houses  in  the  iieighUirhood. 
The  correct  percentage  can  be  maintained  by  providing  the 
right  pro|>ortion  of  houses  and  rooms. 

\\i-e  the  percentage  of  skilled  to  unskilled  workers;  the 
percentage  of  foreign  to  native  worker-,  the  numU-r  of  women 
workers  and  minors  can  be  regulated  to  produce  maximum  effi- 
ciency, by  building  the  town  to  suit  the  plunt.  The  modern 
industrial  town  has  all  the  advantages  of  the  home  built  to  one's 
taste,  as  compared  with  the  house  purchased  ready  built.  This 
advantage  is  strikingly  >hmvn  by  an  example  given  in  Chap- 
where  th.  I  of  computing  the  number  and  types  of  houses 

and  rooms  is  discussed. 

Loyalty  and  Efficiency.  —  The  value  of  long  service  on  the  part 
of  employees  is  only  partly  represented  by  the  figures  on  the 
cost  of  labor  turnover.  The  skill,  experience,  certainty  and  loy- 
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ally  that  accompany  long  .steady  IdTvi  in« -t  imaMe  value 

to  tin-  indu>- 

'I'll.-    contentment     that      I  oin     \\linlrvuiin-     living    eolldi- 

tions  goes  far  t<>\\ani  producing  plant  rfin-n -n«  \  .  and  in  pmmot  ing 
that  esprit  tie  corps  whi.-h  is  ><>  indispensable  to  any  properly 
functioning  nrgani/ation.  No  matter  how  well  organi/ed  the 
industry  or  lm\\  modern  t  In-  equipment .  MicrrWul  operation  de- 
pcnds  largely  on  th«-  attitude  of  mind  of  the  invididual  worker. 
An  ounce  of  loyalty  i>  worth  a  ton  of  time  clocks. 

Bad  living  conditions  have  their  greatest  effect  on  the  work- 
man's family;  but  the  discontent,  ill  health,  and  irritability  of 
his  family  surely  react  upon  the  wage  earner  himself,  who  gene- 
rally thus  U'comeN  thoroughly  infected  with  dissatisfaction,  and 
frequently  resentful  at  the  entire  environment  which  caused  it, 
and  no  workman  in  >uch  a  frame  of  mind  can  really  be  an  effec- 
tive producer  or  an  harmonious  part  of  the  or^ani/at  ion.  Many 
a  di^atrn-.-m.-nt  culminating  at  the  plant  had  its  origin  and 
nurture  in  the  unsatisfactory  living  conditions  outside  of  the 
plant. 

Health. — Clean  and  comfortable  living  quarters  unquestion- 
ably conserve  the  health  of  the  worker.  Pure  water,  efficient 
sewerage,  means  for  maintaining  clean  streets  and  premises,  and 
hygienic  houses  are  essential  A  cheerful,  healthy,  virile  and  effi- 
cient community  will  not  develop  out  of  the  filth  and  disease  of 
an  insanitary  environment. 

Modem  Practice  and  Aims. — Aside  from  the  above  elements, 
what  more  practical  evidence  is  needed  than  the  fact  that  our 
largest  and  most  successful  business  concerns  are  invest  inn  la  rue 
sums  of  money  in  modern  industrial  housing;  though  the  return 
on  such  invested  capital  cannot  be  segregated  and  expressed  in 
dollars  and  cents. 

Big  business  has  given  birth  to  big  conceptions  as  to  the  pur- 
pose and  province  of  large  industrial  enterprises.  Its  service 
concept,  as  well  as  its  role  as  an  instrument  of  profit,  is  now  re- 
cognized as  a  worth- while  motive  for  large  corporate  under- 
takings. 

COST  OF  MODERN  INDUSTRIAL  TOWNS 

Elements  Considered. — Though  the  returns  on  good  housing 
are  indefinite,  the  estimated  investment  can  be  expressed  in  dol- 
lars and  cents.  Every  industrial  executive  should  know  the 
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approximate  nut  lay  required  to  gauge  intclligt-iitly  the  wbdom 
•  tie  expenditure. 

A  modern  industrial  townsite  it  more  than  a  group  of  homes; 
it  is  a  vital,  breathing  community  of  homes,  The  physical 
clement*  ii  a  community  are  the 

bourn*;  the  buildings  other  than  houses,  an  quart**™  for  Ktngle 
men,  schools,  stores,  clubs,  churches,  <•!<.,  th.  ,cb  m 

water  -M.|.'V,  sewerage,  drainage,  gas,  electrical  and  transporta- 
tion systems;  the  street  improvements;  and,  finally,  the  parks, 
playgrounds  and  reservations* 

ires  relative  t«>  t  he  cost  of  these  various  items  are  of  In 
value   without   full   information  concerning  the  given    project. 
To  afford  an  approximate  concept  ion,  however,  estimates  for 
several  modern  towns  are  given  in  the  following  page*. 

Hypothetical  Example.— The  author  remit  ly  d'.»20)  computed 
the  cost  of  an  hypothetical  town  in  which  the  following  conditions 
were  assumed: 

A  site  of  approximately  130  acres,  with  flat  topography  in  the 
vicinity  of  but  n..i  immediately  adjacent  to  1000  detached 

houses,  22  ft.  wide  and  '2i\  ft.  deep;  1.  .  fmnt  l.y  100  ft. 

deep,  \v  nil  1  :»  •  •   of  set-back.    Main  streets,  50  ft.  wide,  improved 
with  Jf.  ft.  wide.  wat.-r-l.uund,  macadam  roadway,  with  conm-te 
curbs,  a  6-ft.  planting  strip,  and  a  41 2-ft.  concrete  sidewalk  on 
each  side  of  the  street.     Minor  -treets,  40  ft.  wide,  with  IK-ft., 
-bound,  macadam  roadway,  furnishcMl  with  ronm>te  curbn, 
.  planting  strip  and  a  4-ft .  ronm-tr  sidewalk  on  each  side 
of  the  sti>  :din>n  Mn-<-t  systems,  with  no  alleys.    Length 

of  each  block,  588  ft.,  width  200  ft.,  with  28  houses  in  each 
block, 

A  filt mi i..n  plant  and  pumping  station  were  assumed,  t\\<» 
miles  distant  fnun  the  !«.\vnMtr;  a  -cu.-ti:.-  diM-^al  plsfll  ItMSjISjd 
one  mile  away;  an  elect  r  n  1 1 msmiasion  line  two  mikw  long,  and  a 
gas  trunk  feeder  one  and  one-half  miles  long,  each  considered  to 
derive  its  supply  from  an  oxistiiuz  plant. 

i  this  assumed  town  site  and  using  unit  prices  current  in 
January.  1920,  the  following  relative  costs  of  house  and  improve- 
house  were  computed.    The  cost  of  land  was  arbitra- 
rily fixed  at  2"  .j  cents  per  sq.  ft.;  and  the  house  itself,  suitable 
for  a  semi-unskilled  worker,  was  assumed  to  be  built  for  $3,500. 
itemised  estimates  of  cost  are  presented  int  he  following 
tabl.  •  r  with  the  percentage  cost  of  each  item. 


H»i  SINQ 


TABLE  1.— ESTIMATED  COOT  or  IMPRUVKD  HOUSK  AM.  l...i  IN 

THKTICAL    Tov,  s 


H-. 

Cort  per  I...UI.. 
•n.i 

-£:!"' 

0(Mt 

Per 

.n.-lu.lu.K 

1  .    House  (average  cost  ) 

2     Lan<l  in  lot 

03,600.00 

ID;>  00 

03.4 
1  9 

3.    Land  in  streets.  . 
1.    l/>t  improvements..  .  . 
5.    Street  improvement  s 

:;:,   is 
•jr.  I    71 

0.6 

I   7 
5  6 

0.7 
5.6 

r,  :. 

6.    Wafer  supply  and  <li«triluit  i<m 
7.    Electrical  linrs  :uul  lighting.  .  .  . 
8.    Gas  supply  :i"<l  <listnl>uti..ii 
9.    Sewers  ^  storm  and  siu 
ID     House  connections  

149.44 

74.67 

lf,-j  '.M; 
1  _'.-).  60 

2.7 
0.3 
i   8 
3.0 
2.2 

3.2 
0.4 
1.6 
3.5 
2.6 

11.    Supervision  and  <-\w 
10  per  (M-nt 

$4,745.14 
474  51 

8  6 

TJ.     Interest  «hiriim  rc.n-1  ruction,  (&> 
6  per  cent 

.     is 

5.7 

$5,532.83 

100.0 

100.0 

Summarizing  the  foivgoinjr,  il  will  bo  noted  that  the  house 
is  78.5  per  cent,  of  the  total  cost,  including  a  distribution  of 
overhead;  land  with  lot  improvements  is  8.3  per  cent.;  street 
improvements,  with  land  for  these,  are  7.7  per  cent.;  water, 
electrical,  gas  and  sewer  improvements  with  house  connections 
constitute  11.5  per  cent.;  engineering,  supervision  and  interest 
charges,  which  are  distributed  in  these  statements,  are  14.3  per 
cent,  of  the  whole. 

The  fon  n'mated  total  cost  of  $5,532.83  is  to  be  con- 

sidered the  gross  cost  of  land  and  all  improvements.  The  net. 
cost  will  depend  on  local  conditions  and  may  be  arrived  at.  l»v 
deducting  from  the  gross,  such  costs  as  are  borne  1>\  pnMic 
utility  companies  and  paid  for  in  rates  or  assumed  by  munici- 
palities and  paid  for  by  them  out  of  general  taxation.  Local 
custom  is  this  ivirard  difTer^;  generally  public  utility  companies 
are  required  to  extend  service,  providing  the  return  warrants; 
municipalities  frequently  pay  for  the  entire  water  supply  and  dis- 
tribution for  sewer  outfalls,  approximately  ten  percent. 
of  sewer  and  storm  drains:  from  10  to  1,5  per  cent,  of  cost  of 
ments,  and  the  entire  cost  of  sewage  di<p«»~:il  plant-. 
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Another  Example.     1  h.  mm*!  a  new- 

*ciiii-tmiu*tri:il   hmn   in    KuMi-rii   lVnn-\K  nu.i.       i  h.     -IN.   wild 
U-  .sl..|,n,«  topography,  oontjunrcl  1UU  acre*,  and  wait  divided 
ami    four   in. In  •««.     The  |>rifi<-ijKil  «tivriN 

were  50  ft.  wi<l«-;  minor  Mf.-.-f*.  40  ft.  \\iii'  . 
width  ft  :m  average  depth  of  1/io  : 

area  of  I.  •  9,000  w\.  ft      Tit.  length*  of  the  bloeki 

about  600  ft.  i      Klcctrical  and  ga«  utilitn-% 

mrlmir<l. 


T  MILK  2.  -  COMT  .    >     1  1.  it   ->.,    1  MTIK« 

i  \uinl.i-r  -I.--IV  the  *mm«  M  in  Table  1). 


rt*e? 


lU.ui  of  ~iin».t» 


Avenge  for  medium  paid  worker*. 

$4.000 

70.0 

1  Lan.l 

Baaed  on  cost  plus  carrying  charge* 

for  three  years;  no  improvement*.  .  . 

90 

1.6 

5.  Street  grading 

Baaed  on  cost  of  excavation  an.l  til- 

ling to  sub-grade.  .  . 

90 

1.6 

."».      >!  Ii'i't     f  IN  III1.' 

B*af)d  on  tar-bound  macadam 

210 

3.7 

§ii^ 

ft.  Sidewalk*  .  .  . 

Baaed    on    concrete    walk  4 

average   wi.lth.    on   both  aide*  of 

100 

1.7 

ti.   \\  :it«T  \\  <>rk~ 

Based   on   well*,    pumping    «• 

elevated  steel  storage  tank,  and  4, 

6  andS-iii                  -n  PIJM-  di^trilMi- 

•    • 

170 

:;  i) 

9.  Sanitary  sew- 

Baaed on  8-inch  tile  pipe,  at  depth  of 

er  «y.Ht«-m 

9  feet,  with  manhole*,  and  sewage 

•  li«*]n»-:il  \\orkn 

150 

2.6 

9.  Storm  aewers  . 

Baaed                                •<••.  «it».  a 

feet  cover,  diacharge  at  edge  of 

town 

60 

LI 

Sub-total 

$4370 

IHT  ot-nt  

m 

8.6 

Sub-  total 

l^yyy 

II 

Interest  during  construct  >  < 

H 

6.7 

$5,788 

100.00 

•jo  INDUSTRIAL  BOU8) 

Average  of  U.  S.  Housing  Corporation. — The  following  table 
presents  a  summary  of  the  eatimntt •<!  costs  per  lamily  for  !>7 
housing  projects  planned  by  the  Tinted  States  Housing  Corpora- 
tion during  l'.'17-l<)18.  Only  22  of  these  were  built.  Tli  <  '.'7 
projects  included  accommodations  for  21,005  families,  and  were 
situated  all  <>v.  r  the  United  States,  most  of  these  being  cast  of 
the  Mississippi  1  fiver.  As  a  general  rule,  the  houses  were 
designed  for  the  hiplirr  p.-iid  .-killed  workers.  The  layouts  include 
detached,  semi-detached,  terrace  or  row,  and  apartment  houses. 


TABLE  3.    COST  or  HOUSING  PER  FAMIM  ''7  PROJECTS — U.  S. 

HOUSING  CORI-MK  , 

(Number  Designation  same  as  used  in  Table  1.  Based  on  Assumed  Unit 

Costs) 


*«•                                                 %!. 

total 
cost 

1             House                                                                     $4,371    7<i 

81    0 

1-a        Other  buildings.                                                              85 
243    Land.      .                                                                 1  '.»'-'    It 

34 
3  6 

4           Lot  improvements  .                                                147  .  80 
5  &  10  General  improvement  >                                          497 

2.8 
9.2 

Total                                                                        $0,398.11 

100.  0 

:i!>o\<   linurr.s  \\crc  obtained  from  Page  434,  VoL  2,  of  the  Report  of 
the  United  States  Housing  Corporation  published  June  21,  1919.) 


Lorain,  Emergency  Fleet  Corporation. — A  typical  example  of 
the  industrial  housing  developments  built  by  the  Emergency 
Fleet  Corporation,  Division  of  Passenger  Transportation  and 
Housing,  is  given  in  the  following  table,  which  presents  tin- 
approximate  itemized  cost  of  the  village  of  the  American  Ship- 
building Company,  completed  in  1919  at  Lorain,  Ohio. 

The  total  area  of  the  project  was  43.8  acres;  it  contained 
133  detached  houses,  44  semi-detached  houses,  2  apartment 
houses  and  2  stores.  All  wore  of  frame  construction.  While  the 
village  was  built  within  the  muni n'p.il  limits  of  the  City  of  Lorain, 
it  included  a  complete  layout  of  streets,  all  lateral  and  <lisiril>- 
uting  utility  lines,  but  no  feeders,  trunks  or  main  transmi-mn 
lines. 
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"»  6  2 

ipply  HI...  .•    -  29 

iry  ami  *l>  .'  i 

.mprnvrl.  3    g 

•i«l  «sin  1000 

1  The  net  coat  t*  somewhat  lorn,  owing  to  payment  by  the  municipality  tor 
it*  normal  share  of  municipal  improvcin 

MARGINAL  DEFICIT  OR  NECESSITY  FOR  SUBSIDY 

Statement   of   Requirements. — A   consideration   of  element* 
affecting  the  cost  »dern  industrial  town  at  once  present* 

the  concrete  question — What  constitutes  a  house?    The  mater- 
ials of  c<  numlxT  and  size  of  the  room- 
number  of  families  under  one  roof  and  finally  the  extent  of  the 
improvements  and  conveniences  provided  to  guarantee  health 
and  comfort;  all  of  these  affect  the  cost. 

'hapter  X  tlinv  an-  um-n  varimw  views  upon  the.  feature* 
and  requirements  of  a  satisfactory  house,  expressed  by  men  who 
have  devoted  much  time  and  thought  to  the  subject.  It  * 
perhaps  only  natural  that  tin-re  should  U>  a  wide  divergence  of 
opinion  upon  such  a  topir,  since,  in  common  with  most  other 
typically  human  question  .Capable  of  exact  computation. 

. .-\vr.  no  doubt  all  will  agree  that   thr  house  should  be 

u)  to  conserve  the  health,  safety  and  welfare  of  its  occupants. 
Th<-  features  making  for  the  two  former  objects  are  distinctively 
technical,  capable  of  more  or  less  exact  analysis  in  the  present 
state  of  the  art,  and  r  are  relatively  easy  of  specification. 

It  is  concerning  the  question  of  welfare  that  the  greatest  differ- 
ence of  opinion  o  Included  in  such  desideratum  are  the 
more  ot*<  •  >rs  in  home  production,  such  as  attractiveness, 
amenities,  comfort,  provision  for  amusement  and  helpful  social 

•ourse,  and  •  -on-inn  -tiv.-  or  prevent  at  i\v  measures,  both  in 
house  ooi  n  and  in  town  building,  making  for  i 

1  standards  of  living.     While  the  weight  given  to  these 
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v:mou>  items  will  no  douhl  d(>|x»nd  upon  the  •  •ompivhrnsion  or 
bias  of  tl»c  judge,  such  have,  at  least  to  a  reasonable  degree,  a 
direct  bearing  upon  health,  and  consequently  may  I..-  <  ,,n-idered 
in  the  class  of  the  necessities. 

It  is  a  comparatively  simple  task  t<»  talk  about  what  should  and 
what  should  not  be  considered  essential  and  desirable  feat  uresof  a 
workman's  house.  A  more  difficult  task  is  to  devise  ways  and 
means  where!. y  these  features  may  be  obtained  ami  still  k< «  p 
the  house  within  the  rent  and  purchase  price  that  can  be  atTnnled 
by  the  occupant.  Before  reaching  any  final  conclusions  on  the 
necessary  and  desirable  features  of  a  workman's  house,  one  should 
investigate,  as  a  basic  starting  point,  the  question — What  can 
the  workman  afford  to  pay  for  rent? — assuming  that  it  is  neces- 
sary for  the  house  with  its  improvements  to  yield  a  reasonable 
return  on  the  inveM merit. 

Income  Available  for  Rent. — The  United  State*  Department 
of  Labor  made  investigations  on  the  cost  of  living  in  the  Tinted 
States,  from  July  :n.  1U1X,  to  February  28,  1919,  and  reported 
these  results  in  detail  in  the  Monthly  Lal>or  Review,  for  the 
months  of  May,  June  and  July,  1919,  in  Volumes  7,  S  and  '.». 
Nearly  thirteen  thousand  family  schedules  were  obtained  in 
92  localities,  in  the  different  geographical  sections  of  the  country, 
for  family  inmm«->  ranging  from  less  than*  $900.00  to  $2,100.00 
and  more.  The  information  thus  secured  was  by  personal  inter- 
view, and  in  many  instances  by  a  review  of  daily  expense  accounts, 
which  many  housewives  were  prevailed  upon  to  keep  over  a 
period  of  not  less  than  five  weeks.  The  expenditures  were 
subdivided  into — food;  clothing;  rent;  fuel  and  light;  furniture; 
miscellaneous  expenditures  and  surplus. 

The  following  table,  showing  only  the  percentage  of  income 
spent  on  rent,  was  prepared  from  the  statistics  given  in  ti. 
ports  mentioned  above. 

TABLE  5. — PER  CENT.  OF  INCOME  Sri  RENT   (1918-1919)  FROM 

MONTHLY  LABOR  RBVIKW — VOLUMES  7,  8  AND  9. 


Annual  income 

rn«I.T 

1000 

$900 
$1,200 

$1.200 
to 
$1.500 

$1,500 
$1,800 

$1,800 
$2,100 

$2.100 
and 
over 

Per  cent,  spent  on  rmt 
Number  of  families  in- 
vestigated 

19.64 
LSg 

13.65 
2769 

13.12 

!  1 

12.64 
2761 

12.52 
1022 

10.36 
1062 

VUNUAMRMM.  /'/..  \*lltklt.\lt< 

The  average  percentage  of  income  paid  out  a*  irnt  was  13.65 
per  cent.,  while  75  i>  of  the  average  family  income  waa 

from  the  earning*  of  the  principal  breadwinner.    TV 

•i  t  h«-  approximate  percentage  of  the  principal  breadwinner's 
wage  that  may  be  available  for  rent ,  t  he  figure  directly  connected 
with  the  wage  scale  of  the  indu*'  lid  U*  18.2  per  cent. 

Certain  large  industries  have  found  by  actual  experience  that 

when  houses  are  sold  to  the  workers,  a  larger  proportion  of  the 

wage  ir.-  ..MM-  i*  available  f<»r  the  purchax-  of  the  house  than  for 

•ntal  of  the  house.    This  excess  is  created  no  doubt  \ 

frugality  stimulated  by  the  desire  for  home  ownership. 

One  large  industry  remit!-  -M-d  it*  housing  project  on  th«- 

baais  that  17  p.-r  c.-nt.  of  th<-  v.,,rk.  r  's  wages  would  be  available 

for  houses  designed  for  rental  piir|>oses,  whereas  25  per  cent,  could 

be  depended  u)M>n  for  those  houses  which  were  to  be  sold.    For 

.1  purpose*,  however,  20  JM  i  the  wage  income  is  a 

fair  figure  to  use  in  wuimatintf  the  amount  of  wage  available  for 

With  the  |M-rivniai:r  of  wage  available  for  r«-nt.  and  knowing 
the  wage  rate,  the  amount  of  in..n.-\   that  can  be  invested  in  n 
house  and  appurtenances  that  could  be  self-financed  is  readily 
BtocL     It  mmi<<li:it.l\  I >e<x»mesap|>arent  that  for  the  lowest 
•  •arner  this  amount   i>  iiiMifficirnt  to  huild  a  satis- 
with  th««  present  day  cost  of  land,  building  m.i- 
and  labor.     A  marginal  deficit  ••  \ista. 

At  this  point  we  an  <-e  to  face  with  the  most  diffi- 

cult  feature  of  the  industrial  hou>inir  pn>hlem.     Stripping: 
its  non-efwentiak  tlu>  problem  is  exemplified  1-y  the  following 
thn-e  financial  *f atnnents: 


1.  With  its  ininiinuiit  nujuirementJi,  a  detached  five-room, 
house,  with  |>n.|«  r  yard  room  and  air  space  and  with  all  appurtenances, 
can  IK  >t  be  built  in  most  parts  of  the  United  States  to-day  for  leas  than 
$5,000. 

Aith  a^lO  per  cent,  rvturn  on  the  invmtment  for  capital  east, 
maintenance  and  depreciaton,  thin  house  must  rent  for  $42.00  per 
month. 

A  it h  20  per  cent,  of  the  worker's  wage*  devoted  to  rent,  this  would 
f  a  wage  of  $210  per  month,  or  about  $8.40  per  day  for  an  un- 
skilled wt>: 

Means  to  Meet  Deficit.  -The  resources  to  meet  t  hew  turn  lion 

an 
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1.  To  increase  the  wages  or  income  «f  the  family. 

2,  To  subsidise  the  cost  of  the  house,  either  in  capit.-il  account,  «»r 
by  accepting  le*s  than  tin-  legal  rate  of  interest  in  return. 

0  reduer  tin-  rust  of  the  house  liy  quantity  j)r«. duct inn.  hy  gn.up- 
iim  and  hy  intensified  development,  such  as  th«  \    houses  or 

other  type  <.f  multiple  family  dwellings. 

All  three  arc  quest  ion-*  of  inier-n-lated  expenditures.  The 
lilM  tuo  an-  nialtrr-  «.f  company  |)ohey  :ind  bookkeeping.  The 
last  is  a  question  of  judicious  town  building,  savings  in  which 
can  he  achieved  only  by  the  careful,  experien  noniical 

consideration  «.f  the  de<i^n.  eojistruction  and  maintenance  of  the 
industrial  town. 

It  should  clearly  l»e  understood  that  the  forego ini:  is  l.ased  on 
renting  a  detached  house  to  the  lower  paid  wage  earners.  If  a 
selling  plan  is  adopted,  then  about  25  per  cent,  of  the  work 
income  may  safely  be  assumed  to  be  available  for  reduction  of 
principle,  interest  and  ordinary  maintenance  of  the  house.  In 
this  case,  the  proposed  five-room,  minimum  house  could  be  pur- 
chased by  a  breadwinner,  making  about  $6.50  per  day.  Impor- 
tant progress  toward  a  solution  of  the  difficulty  may  be  gained  by 
the  use  of  row  or  terrace  houses,  duplex  and  other  multiple  family 
dwellings,  or  of  the  older,  partly  depreciated  houses  which  have 
been  vacated  by  a  more  productive  worker;  upon  the  basis  that 
the  needs  of  the  minimum  wage  earning  class  may  be  satisfied 
by  the  minimum  space  allotments  dictated  by  sanitation  and 
hygiene.  Such  dwellings,  although  requiring  a  high  order  of 
designing  skill,  not  only  reduce  building  costs,  but  conserve  land 
and  lessen  the  cost  of  utilties  per  family  unit. 

The  gravity  of  the  financial  problem  presented  by  industrial 
housing  has  caused  it  to  assume  transcendent  importance  in  the 
program  of  industrial  developments.  Once  considered  a  side 
issue,  it  is  now  in  the  fore-front  of  the  important  questions, 
moulding  the  policies  and  procedures  of  industrial  expansion. 
The  new  attitude,  essential  to  an  economical  procedure  and  now 
fully  realized,  allows  town  builders  wider  latitude  and  affords 
greater  opportunities  for  successfully  solving  the  problem  than 
ever  before.  Often  decided  advantages  may  be  obtained  for 
the  town  with  no  consequent  disadvantage  to  the  plant,  if 
final  policies  regarding  the  plant  location  are  formulated  only 
after  townsitc  possibilities  are  carefully  investigated  and 
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PROCEDURE  OP  ORGANIZATION  AND  FINANCE 

Policy  as  to  Home  Ownership.  'Die*  |mli«-y  of  ownemhip  and 
town  the  mewl  far-reaching  oooaideraUotM  *  Inrh 

must  be  faced  in  rl,,-  >i.  vdopment  of  a  modern  industrial  town, 
affecting  an  it  does  the  entire  scheme  of  finanmi^  the 
<>f  ill,-  .site,  the  design  of  the  houses,  the  order  of  the 

program,  and  the  admim-t ration  «.f  the  town.    Three  dis- 
systems  are  practised  in  industrial  towns,  the  third  being 
a  compromise  of  the  other  two. 

In  one  a  company,  either  the  manufacturing  concern  or  a 
special  charter  organisation  subui  hereto,  maintains  e»- 

elu-ive  ownership  of  the  house*  ami  improvements. 

I  ii  the  second,  the  ownership  of  the  houses  passes  into  the  pos- 
session of  the  workers,  with  <  it  the  fln*n*wl  assisUnee 
he  company  by  some  cooperative  sales  arrangement . 

In  th<>  third  system  the  houses  are  owned  cooperatively  by 
the  tenant  and  landlord  through  tin-  medium  of  a  co-partner- 
ship, or,  more  commonly,  a  corporal: 

Company-owned    Houses. — This   is   di>  •.    rvnting 

arrangement.  Under  it,  tin-  houses  are  financed,  t>uilt.  owned, 
maintained  and  operated  wholly  by  the  company,  and  <> 
appropriations  from  «>mpany  funds,  together  with  such  assis- 
tance as  can  be  gained  from  tin-  rentals.  Ordinarily,  where  a 
large  amount  of  unskilled  labor  is  involved,  the  development  can- 
nut  be  financed  entirely  from  t  hese  rentals. 

Taxes, — and  if  the  housing  development  be  a  separate  com- 
munity. th<- rii  tiro  scheme  of  operation,  including  policing,  health 
regulations,    lighting,    fire    protection.   •  -to. — must    remain   the 
the  company.    In  order  to  escape  some  of  these  re- 
sponsibilities, as  well  as  in  order  to  conform  to  a  more  demo. 

it  has  been  customary  to  incorporate  such  company 
towns  and  to  administer  operation  by  a  regularly  const  it  UN  i 
pill-!  Minrnt. 

-ystrin  t  he  selrrt  ion  of  the  ty^- or  sites  and  the  develop- 
ment   thereof,    is   not   affected  materially  by  the  sal«'nl»i! 
th«-  houses.     M  U  of  construction  and  general  deatgn  . 

house  should  be  such  as  to  reduce  maintenance  and  operation 
costs,  pin-  1  < -Marges,  to  a  minimum.     The  irresponsibility 

of  tenants  affects  the  character  of  interior  finish  and  fixt 

tenants  mlU  f^r  designs  and  improvements 
accr  o  general,  niilu-r  than  to  individual 
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Tin*  organization  r.-m  control  directly  the  designs  and  stages 
of  const nu-t  ion  throughout  the  development,  utili/.ing  therefore 
an  etlicient  town  building  ornani/at  ion.  whereby  all  tl 
tagee  of  quantity  and  standardi/ed  |)n>(liict  ion  method-  may  be 
realized.  The  system  affords  freedom  and  easy  mobility  to  the 
workers. 

Privately  Owned  Houses. — By  thissytem,  while  tin  company 
or  an  entirely  separate  corporation  bears  the  financial  burden  of 
initiating  the  project,  it  is  eventually  reimbursed  l,y  the  sale 
price  of  the  house  paid  in  installments  extending  over  a  j>eriod 
of  years.  The  maintenance,  taxes,  and  assessments  become  the 
burden  of  the  owner  \i\*m  receiving  title  to  the  property. 

The  selection  of  site  in  connection  with  this  class  of  house 
ownership  is  affected  by  the  saleability  of  houses.  More  money 
as  a  rule  can  be  invested  in  the  single  houses  under  this  s\ 
as  the  buyers  will  devote  a  higher  percentage  of  their  \\.i. 
the  purchase  of  a  house  than  to  the  rental  of  one.  Individual, 
rather  than  group  tastes  must  be  catered  to,  in  order  to  improve 
the  selling  value,  a  requirement  which  generally  results  in  a  more 
liveable  home.  The  prospective  purchaser  is  generally  allowed 
some  latitude  in  choice  of  location,  and  in  the  choice  of  one  from 
among  several  standard  types  and  sizes  of  house.  Some  orj_r.mi- 
zations  permit  the  purchaser  to  select  an  original  design  for 
his  house.  Occasionally  the  lot  is  simply  purchased  from  the 
company  and  the  purchaser  employs  his  own  architect  and  con- 
tractor. Either  of  these  latter  two  methods  of  operation  tends 
to  reduce  the  savings  which  results  from  standardization  and 
quantity  production  methods. 

The  development  of  the  townsite  may  be  placed  in  the  hands 
of  an  independent  realty  company  or  privately  formed  housing 
company.  In  this  case  certain  restrictions  should  be  enforced 
to  prevent  building  speculation  which  will  work  a  hardship  upon 
the  workers.  This  plan  has  the  distinctive  advantage  of  avoi  <  liny; 
paternalism,  with  all  of  its  attendant  evils.  It  removes  a  large 
share  of  the  expense  and  burden  of  overhead  from  the  company, 
and,  by  reason  of  its  democratic  and  fundamentally  sound  econo- 
mics, has  a  tonic  effect  upon  the  entire  community  which  it 
fosters. 

Where  a  company  assumes  the  dual  role  of  employer  and  of 
landlord  or  real  estate  agent,  it  has  generally  been  found  that 
the  worker,  unable  or  unwilling  to  give  fine  discriminat  ion,  takes 
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'advantage  of  the  <-omplex  situation,  by  balancing  grie- 

vances a*  an  employee  again*!  demanda  aa  a  purchaser  or  tenant 

(or  vice  veraa)  and  will  thus  insist  on  far  more  than  bin  ju*t  due. 
Indeed,  there  are  numerous  inataneea  where  the  company  baa 
had  to  maintain  and  repair  houm*  for  yean  after  they  have  been 
sold  and  paid  for.  No  matter  whn  dtentiona  both  partita 

have,  difference*  i  n-«-  in  the  process  of  building  or 

paying  fW  tlu*  house  which,  with  company  control,  may  cause  a 
permanent  i>  dttaooatarti  'i  worker. 

The  con  D  program,  in  connection  with  a  non-company 

<1  townsite,  however,  may  and  often  doc*  follow  the  Mine 
course  aa  with  com  pa  i  oiled  towns,  the  sales  policy  being 

ited  at  the  completion  of  the  first  house. 

Cooperatively  Owned  Houses. — Coo  pern  tm  house  ownership 
i*  thr  result  of  an  endeavor  to  solve  the  houtting  problem,  avoid 
lan.llordism  and  paternalism  and  share  the  burdens  and  benefit* 
of  a  house  renting  business  by  providing  servioe-at-cosi  living 
quarters  to  the  innnU-r-  of  the  ortani/ai  i«  .n  TK.-  i-i-  i  .'..•--  '  .  : 

•  Irvrlopment  in  Kngland,  although  some  examples  arc 
to  tx»  found  in  this  rouir 

This  type  of  or-  M  .-ondu.-t-  a  stri<-tly  n nting  business; 

it  may  and  oft. -n   .io««  openf  illy  on   U.rrowod  capital, 

giving  inortgageaaBBeftirit  ^  partimlarly  applica- 

small  housing  developn  .ere  apartment  or  multiple 

family  houses  predon.  nd.  in  fa«  t   it   loses   much  of  iu 

advantage   *1  K  hod   houses  are   the   rule.     The   more 

impoi  l.nical  considerations  are  similar  to  those  deacriU-d 

Company-owned  Houses." 

When  applied  to  industrial  housing,  th-  TV  generally 

the  ma  the  stork  and  receivea  therefor  dividends 

in  the  form  It   hua  the  advantage  of  relieving  the 

industry  of  a  considerable  part  of  the  burden  of  finance  and 
•ion.    lioldx    a    M.mewhat    U-tter   promi-M-   of   returning  an 
adc<i<  interest,  ami  in  addition  it  has  some  social 

:nofing  a  more  wholesome  independence  and 
.-liaiiee  ainon^  the  tenants  than  in  the  case  of  company- 
owned  house*. 

Forms  of  Building  Organizations.       Building      organisation 
i*  hen  t..k.  n  t««  moan  that  financial  agrncy  \vlurh  initiate*  and  is 
reapoiutihle  for  the  eooatnietion  of  the*  housing  tlrvclopment. 
The  selu-inrs  and  ty|H-s  of  organiiation  that  have  been  used 
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to  finance  and  promote  real  estate  housing  development!  are 

manifold  as  to  details  of  execution  and  operation.     Howe-. 
for  the  purposes  of  industrial  housing,  they  are  represented  l>y 
not  over  three  fundamental  type**. 

Loan  and  Realty  Associations. — This  form  of  organization 
loans  money  to  individuals  for  building  purjxwjs  or  for  the 
pur-  land  only,  up  to  a  specified  percentage  <>f  the  total 

value  of  the  properly  either  unimproved,  improved,  or  about  to 
be  improved,  taking  as  security  therefor  either  first  or  second 
mortgages,  or  both. 

The  more  usual  procedure  begins  with  a  borrower  who  has  In- 
land paid  for  and  who  desires  to  erect  a  dwelling  thereon.  In  this 
case  the  borrower  would  obtain  a  loan  from  a  bank,  or  from  an 
ordinary  building  and  loan  association,  secured  by  a  first  mortgage 
on  his  property.  The  realty  corporation  would  then  ma  ke  the  borr- 
ower a  loan  upon  hissecond  mortgage,  for  the  difference  I  >et  ween  the 
cost  of  the  proposed  dwelling  and  the  amount  of  the  first  mortgage, 
the  second  mortgage  to  be  paid  in  monthly  installments,  or, 
payable  at  the  end  of  a  term  of  years,  maturing  when  the  first 
mortgage  is  sufficiently  reduced  to  absorb  the  second. 

As  an  alternative,  the  realty  corporation  may  make  a  loan  for 
the  full  value  of  the  house,  taking  as  security  a  first  and  second 
mortgage  on  the  lot  and  proposed  building,  the  first  mortgage 
being  payable  at  the  end  of  a  term  of  years  and  of  such  form 
as  to  render  it  easily  marketable,  the  second  mortgage being 
payable  in  monthly  installments.  The  corporation  then  liq- 
uidates its  mortgages  to  the  fullest  extent,  as  fast  as  received, and 
uses  the  money  thus  obtained  as  a  revolving  fund  to  continue 
operations.  Its  invested  capital  will  thus  amount  to  between  10 
and  25  per  cent,  of  the  total  value  of  mortgages  held.  The 
stock  of  the  corporation  may  be  held  wholly  or  in  part  by  the 
parent  industry  or  industries,  although  the  latter  is  the  more 
customary  procedure. 

Responsibility  for  carrying  on  building  operations  generally 
rests  with  the  Un-rowcr.  However,  in  order  fully  to  protect  its 
interests,  such  an  organization  should  exercise  a  watchful  supervi- 
sion over  construction  work,  even  to  the  extent  of  supplying 
technical  skill,  approval  of  plans  and  inspection  of  workmanship. 

Housing  Corporation. — This  is  essentially  a  building  organ i /a  - 
tion.  A  chartered  corporation  is  organized  with  a  stock  issue 
so  proportioned  as  to  finance  the  required  rate  of  building  houses* 
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iul  concern*  intrnwted,  by  |>> 

d  organisations,  if  any  are  involved,  and  to  tin*  erotic* 

•    possible  by    ill.-   pul»lie  at    l.uui-.     Tl,.    •  luuter  of  ih«- 

a  should  contain  a  limited  dmd<  i»  tin* 

I  thus  obtained,  a  group  of  houses  i*  built  under  thead- 

"ii  "i  the  "  :i.     Them  houses  an?  told  to  men 

of  good  health  and  standing  reguJarly  employed  by  the  industry 

In. tries  concerned,  and  <»!  proven  int.-^r. 
Sales  are  made  on  a  cash  paym.nt  of  a  specified  per  oent.  of  the 
sales  price,  such  price*  in.-lu.linn  all  of  the  expense  whatsoever  or 
the  allocation  thereof  necessary  to  produce*  and  deliver  the  home; 
it  would  comprise  interest  charges,  adm  ,n,  overhead, 

taxes  and  iiwuran.-.-.  PI..JN-I-  all.. \\ann-  for  guarantees  to  pubhc 
service  corporations,  etc.  At  tin-  time  of  sale  the  purchaser 
executes  two  morgages  in  behalf  of  tin-  ii<»n*ing  corpora 
the  first  mortgage  for  50  to  70  per  cent,  of  the  sale  price  and  t)M» 
second  mortgage  for  a  face  valu.  \\  hi.-h  is  the  difference  between 
the  total  sale  price  and  the  sum  <»f  the  tir-  mortgage  and  th<» 
1  cash  payment.  Thr  ptir<-haM»r  further  pays  a  specified 
sum  per  month,  usually  alxnit  one  per  cent.,  to  cover  interest  and 
insurance,  (fire  and  In.  .  rhr  balance  being  applied  to  the  reduc- 
tion of  the  mortgage. 

The  corporation  thru  nruotintrs  tin*  first  mortgage  and  liqui- 
dates the  second  mortgage,  insofar  as  possible,  using  th«-  funds 
i»y  obtained  to  continue  building  operations.  As  a  varia- 
tion, in  large  housing  corporations,  mortgage  bonds  may  be  is- 
sued against  the  first  mortgages  and  sold  to  tin-  pul.h«-  m  small 
denominations,  thus  distributing  and  absorbing  the  financial 
burden. 

vpical  plan  of  this  sort  was  outlined  in  a  Bulletin  issued  i,\ 
the  U.  3.  Department    ..:'    I.al.or.    Informal  ion   and    l-MuratKNi 
y  19,  11M 

M  plan  involves  an  inrroporated  company  with  a  capital  stock  of 
125,000.     Such  workmen  a*  can  jwy  down  10  per  'he  cost  of 

house  and  lot  will  U»  loaned  50  per  cent,  by  Iwuikrr  •  mortcage 

and  the  remaining  40  JNT  rent,  will  be  provided  by  the  company. 
\\hi.-li  \\ill  take  as  its  security  a  second  mortpige.  The  hanker*  of 
New  London  have  agreed  to  loan  the  company  funds  up  to  75  per  rent. 
of  the  second  mortgages  offered  in  *<  Therefor-  :.dn  of 

the  company  tied  up  in  any  one  property  need  not  exceed  10  per  cetiU 
of  the  valur  of  that  pnijM-rty  and  the  capital  of  the  compmn;  will  lie 
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adequate  for  tin-  promotion  of  homo  up  to  the  value  of  S'J.'.o.ooo.  In 
the  meantime,  those  \\lio  build  (or  purchase)  tlie  hou>es  pay  oil  their 
indebtedness  at  the  rate  of  one  per  rent,  per  month.  Thus,  the  com- 
pany will  have  availabe  additional  funds  for  further  operations." 

Company  Housing  Bureau. — In  this  case  a  housing  organ  i/a- 
tion.  generally  a  corporation,  is  formed  by  the  parent  industry 
which  owns  or  controls  all  stock  in  such  organization.  It  may 
be  chartered  with  powers  broad  < -nough  not  only  to  deal  in  real 
estate,  but  to  build,  s.-ll.  rent  and  to  operate.  "\Vhm-  the  house 
enterprise  must  be  subsidized,  either  directly  by  capital  invest- 
ment or  by  acceptance  of  a  rate  of  return  less  than  a  legal  rate 
of  interest,  this  type  of  organization  is  generally  the  only  practi- 
cable one. 

Such  an  organization  sometimes  has  been  employed  as  a  loan 
and  realty  corporation,  through  which  the  company  will  offer  to 
loan  money,  up  to  as  much  as  90  per  cent,  of  t  he  proposed  value  of 
a  hpuse  and  lot,  to  any  one  of  its  employees  who  is  a  prospect  ive 
builder  and  borrower.  It  has  been  found  however,  in  practically 
every  instance  where  tried,  that  this  plan  encourages  purchase 
of  houses  already  existing,  rather  than  the  building  of  more 
homes  to  relieve  housing  shortage  which  is  the  real  object  of  the 
plan. 

In  case  houses  were  actually  to  be  built  at  the  borrower's  ini- 
tiative, under  this  plan,  the  same  reservations  as  described  under 
"Loan  and  Realty  Associations"  should  be  exercised  by  the 
company  housing  bureau. 

In  conclusion  it  may  be  stated  that  the  tendency  is  away  from 
rather  than  toward  a  close  control  over  the  housing  corporation 
by  the  parent  industry,  for  the  reason  that  too  close  a  relation- 
ship between  the  industry  and  its  subsidiary  organisation  in- 
volves complexities  which  lessen  the  advantages  of  separate 
organizations  as  discussed  in  Chapter  XIII. 

TECHNICAL   PROGRAM 

The  broader  practical  considerations  in  the  initiation  of  a 
housing  enterprise  should  receive  proper  attention  early  in  the 
initial  stage  of  the  project.  In  fact,  the  preliminary  surveys  for 
the  project  should  be  contemporaneous  with,  or  even  precede,  the 
equally  important  matters  of  policy  having  to  do  with  methods  of 
organization  and  finance  and  with  house  ownership.  This  phase 
of  the  procedure  will  require  special  attention  to  the  following. — 


An  inquiry   into  (In-  t\  j*-  nnd  nuinlx-r  •  !   bOttMS  r»  • 

«•  ,,f  the  rungr  and  |,r..j--r   M -lling  prim  and 

investigation  ..f  1., ration*  and  «t«i  nuitahle  fur  homing  purport*. 
A  plan  for  economically  developing  the  *ite  or  »ilr». 

lly,  a  t  runt  worthy  e*ttmate  of  eo«t  and  budget  of  exprtxi 
together  with  at  leant  an  approximate  program  for  const  met  ton,  *).,.  h 
"ill  *crvc  for  a  baab  of  financing  the  proportion. 

Need  for  t  Program.— -The  procedure  to  U-  followed  u,  ,-»tnb- 
lishing  a  modern  and  industrial  town  cannot  be  haphazard. 
Too  much  is  at  stake  to  permit  a  commu  .lurm.-  into  it 

without  careful   :m«l  searchiiiK   in<|uir  JKMH.  b*   not    ,,nly 

the  expenae  of  ti  for  how**  an<l 

one  of  more  paramount    ini|M»ri:inrr    huviiiK  ««•  «lo  with  tin- 

smootli  funrtioniriK  <»f  the  dt-v.-lnpiuriit    thrmiKlifiut   it-   1 

•  ii  t<>  fhr  ;>l:tnf.  «...  that  both  may  arliirvr  the  purpose  for 
whirh  tliry  an-  intrndiMl. 

It  has  been  unfnrtunat.-  thai  many  indii>iri:il  rnnrrrns  have 
l>mlt  wnrkiimmrM's  houws,  not  only  wit  hunt  IU.IMIM-  thought 
and  study  on  the  pan  utm-s,  hut  also  without  any  aile- 

aasistanr.   tH.iu  those  whos<  1  them  to 

Ki\v   it.      Without  douM    if  an   industrial   rorjMiration    wrrr  to 
inaugurate  a  new  systoi  n  in  tin-  nianmartni.  rwere 

'itutr  a  IK-W  department  in  its  work,  this  wuuld  l»o  done 
only  after  a  due  study,  in  whirh  s|N-ri:di-t>  <m  th.-  in-vill.i- 
thr  improvemrnts  jn  (|ur>tiun  would  !»<•  rallrd  upon  for  thr  I >e no- 
awl  vice  and  jiulm-iin-nt. 

In  many  actual  instances  ho\\«  v<  i  when  the  only  hope  of  ob- 
taining nn-n  to  work  iti  thr  plant  lay  in  providing  them  with  pro- 
IMT  living  quarters, it  h§j§hap|K>nc<l  that  officials  uliusliowinl  good 
common  sense  in  matters  iM-rtaming  to  tlu-ir  own  huiuneiw,  the 
intricacies  of  which  they  well  understood,  have  rushed  into  th«> 
pn»l ili-iii  of  housing,  a  pn-y  to  unscrupulous  or  incompetent 
builders.  As  a  result  tin -y  hav.  had  foi-t.-d  uj>on  theiiiM-lv«*9.  and 
oiiununities  nondescript  developments,  which  later  have 
failed  Mu'iially  to  achieve  the  desired  r.-ults.  In  some  cmsen,  the 
fact  that  all  of  the  new  dwellings  were  occupied,  immediately 
after  completion,  led  to  t!  ous  belief  that  an  ideal  village 

had  at  last  been  built ;  but  as  discontent  later  became  ma: 
and  it  mew  apparent  that  the  only  reason  for  occupancy  of  the 
houses  was  th  offered  the  only  shelter  available,  those  in 

responsible  charge  awakened  to  the  fact  that 
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thing  was  wrong.  In  the  careful  invest i.nainm.-  which  have 
followed  such  instances,  much  valuable  information  has  been 
developed,  which  has  raised  tin-  standards  of  later  developments 
built  by  the  organizations  concerned,  while  the  experience  thus 
pained  has  proved  valuable  to  others. 

The  lessons  of  experience,  at-  least  in  connection  with  the 
house,  asa  unit,  have  been  learned  fairly  well,  but  the  import  aim- 
of  study  and  careful  planning  of  the  housing  enterprise  as  a  «>m- 
prehensive  and  completely  unified  project,  has  yet  to  be  fully 

appreciated. 

Preliminary  Work. — Number  and  Types  of  Houses  Required. — 
The  existing  or  prospective  payroll,  together  with  the  number  of 
satisfactory  houses  available  will  furnish  the  basis  for  determining, 
with  a  high  degree  of  assurance,  the  requirements  as  to  number 
and  types  of  houses  and  the  range  of  satisfactory  selling  or  rent- 
ing prices.  The  proportion  of  skilled  to  unskilled  labor  and  the 
most  desirable  ratio  of  married  to  single  men  may  be  ascertained 
by  an  analysis  of  the  needs  of  the  various  departments,  based 
either  upon  the  recommendations  and  opinions  of  the  depart- 
ment managers,  or  upon  a  study  of  the  kind  of  labor  and  labor 
processes  best  adapted  to  each.  The  percentage  of  women  to 
be  employed  will  determine  the  necessity  or  extent  of  women's 
dormitories. 

The  nativity  and  racial  characteristics  of  the  prospective 
working  force  will,  when  learned  and  forecasted,  be  one  of  the 
governing  features  in  selecting  the  type  of  house  and  in  district- 
ing the  site.  The  mountaineer  of  Kentucky  will  require  different 
treatment  from  the  native  of  a  Massachusetts  city;  the  Mexicans 
of  Arizona  and  New  Mexico  will  demand  accommodations  and 
conditions  different  from  those  required  by  the  Slavs  and  Swedes 
of  Minnesota;  the  Italians  of  California  have  customs  to  be  satis- 
fied contrasting  with  those  of  the  Negroes  of  Alabama. 

Knowing  the  number  of  the  various  classes  of  employees,  the 
ranks  and  standings,  and  something  of  their  personal  character- 
istics, the  number  and  type  of  living  quarters  may  be  fixed.  The 
wage  scale  will  obviously  affect  if  not  control  the  total  cost  of  the 
several  types  of  houses  as  well  as  the  total  capital  investment  of 
the  enterprise.  This  subject  is  presented  as  a  definite  problem  in 
Chapter  X. 

Selection  of  Site. — If  the  industry  is  not  established  and  if 
essential  requirements  do  not  fix  the  location,  so  that  widest 
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.•!«•  is  allowed,  tlux  Mil.ji  .  i  n-i|mras  great  breadth  of  vkioa 
a  high  order  1  an,|  UIM,r  condi- 

tion* exintmi.'  in  tin-  dihVrcnt  states  and  region*  iitimt  !*•  known 
and  weighed,  in  connection  with  t  lie  apodal  requirements  of  the 
industry.  The  oout  of  living  and  wages,  the  congestion,  trans- 
portation and  health  .,,..,  in,,  n  .  ..,.,,-t  be  known.  Kxi«tiiig  in- 

ins  and  the  law  of  attraction  of  -imilar  indu-tric*  nhould 


Whether  the  town  is  to  be  an  urban  addition  or  an  isolated 
rural  community  greatly  affects  the  choift  raphy 

:tn<l  soil  conditions,  pleasing  vistas,  freedom  from  local  nui- 
sances, such  as  mosquito  swamps,  factory  smoke  etc.;  cost  of 
land.  political  boundries,  ownership  of  sites;  nearness  to  ex 
communities,  accessibility  to  and  from  the  plant,  transporta- 
tion fa.  -ilitit  -s  highways;  availability  and  cost  of  developing 
water,  sewerage,  drainage,  gas  and  electrical  utilities;  all  must 
be  given  due  weight  and  adequate  conclusions  drawn. 

Projected  Development  oj  the  Site.  —  A   preliminary  develop- 
ment of  the  site  selected  shouM  next   U-  undertaken,  for  the 
purpose  of  determining  more  carefully  the  number  of  building 
lots  and  various  types  available,  the  approximate  dint  rid 
the  Ian  i   tit.  to.  .ition  or  relocation  of  thoroughfares  and  ar 

s,  the  availability  and  location  of  areas  for  parks,  recreation 
ami  civic  centers  and  the  availability  or  location  of  the  principal 
utilities.  This  stage  of  the  woik  will  serve  to  outline  the  nntun- 
and  the  most  economical  disposition  of  the  housing  development, 
and  will  form  an  adequate  basis  for  the  preparation  of  a  budget 
and  a  practical  program. 

Budget  and  Program.  —  The  final  stage  of  the  preliminary  work 
>}»niild  be  the  preparation  of  a  budget  of  cost  and  a  program  of 
expenditure.  The  budget  will  be  based  upon  a  preliminary 
rst  nnatr  i,f  the  cost  of  the  project,  a  knowledge  of  the  method  of 
finanrinL:.  th<-  amount  of  innn.v  that  is  or  may  be  made  available 
and  the  program  of  constnn  ti<>n.  The  program  of  expenditure 
will  U>  correlated  with  the  program  of  construction  and  the  it  ages, 
sequence  and  periods  in  which  the  various  sections  of  de\ 

are  to  be  completed  will  in  turn  depend  upon  the  demand  for 
homes. 

Design  and  Construction,  —  The  preliminaries  concluded, 
jxili.-ies  determined,  budgets  made  up  and  funds  procured  or 
appropriated,  the  project  may  then  logically  enter  into  its 
struct  ion  stage. 

3 


:M  INDUSTRIAL  HOUSING 

It  cannot  )>e  emphasized  too  strongly.  ho\\e\vr.  lliai  construc- 
tion should  l>e  preceded  by  the  preparation  of  detailed  plan- 
ami  sjM'cification>.  a  precept  which  seems  obvioim  enough,  but, 
which  neverthelt  •—  i-  loo  frequently  disregarded.  The  funda- 
mental reason  for  planning  any  undertaking  is  obviously  economy 
and  the  assurance  of  actually  accomplishing  the  desired  end. 
tlftpl  n. .where  in  the  construction  field  are  there  more  fertile 
opportunities  for  accomplishing  better  result*,  frequently  at  an 
astonishing  saviim  in  expenditure,  through  planning,  than  in  the 
construction  of  (he  large  scale  housing  development  with  its 
manifold  needs  and  activities,  and  then-!'  manifold  oppnr- 

t unities  for  waste. 

Coord ination  of  these  various  building  activiii--.  organization 
methods  as  applied  to  the  construction  program  and  the  main- 
tenance of  an  effective  liaison  can  be  made  to  yield  returns,  in 
savings,  well  worth  while.  For  example,  the  relation  between 
street  and  lot  grading;  the  use  of  specialized  squads  of  workmen 
successively,  in  house  construction;  the  opportunities  for  sav- 
ing in  utility  construction  by  use  of  a  common  trench  and  many 
other  details;  quantity  purchases  and  the  correct  routing  of 
materials;  and  in  short  the  avoiding  of  all  the  mistakes  of  hap- 
hazard, time-to-time  building. 

Building  Staff. — Town  building,  in  its  entirety,  requires  the 
services  of  various  professions.  No  one  of  these  can  properly 
function  without  the  cooperation  of  the  others. 

In  connection  with  its  war  housing  work,  the  United  States 
Government  found  it  necessary  to  organize  the  services  of  in- 
dustrial managers,  engineers,  architects,  town  planners,  tra im- 
portation experts,  realtors,  sociologists  and  contractors,  in  order 
to  achieve  its  purpose.  All  the  phases  represented  by  these 
different  professions  must  be  carefully  coordinated  and  balanced, 
if  an  economical,  comfortable,  attractive,  hygienic  town  is  to 
result.  All  too  often  it  has  been  found,  even  in  recently  con- 
structed industrial  towns,  that  certain  phases  have  been  over- 
weighted to  the  detriment  of  the  project  as  a  whole. 

Until  very  recently  no  town  building  organizations,  containing 
men  trained  in  the  various  professional  branches  essential  to 
successful  town  construction,  have  been  available.  It  has  usually 
been  necessary  to  engage  independent  specialists  who  in  spite  of  a 
desire  to  cooperate,  often  worked  at  cross  purposes;  -frequently 
causing  delays,  duplication  of  efforts,  and  unnecessary  exp<  ' 
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Industrial  managers  can  readily  uodemuud  the  complication* 
inh.  n  nt  in  Mi.-h  an  arrangement.  Happily,  especially  during 
the  War,  the  complex  »n  lunMing  has  been  reoogniird; 

and  oomprehennve  town  building  orginiiatiooi  have  been  formed 
\\hi.-h  in. -In. j.-  iii  rh.-u-  v.-iri.-.i  IHTSODDC),  men  trained  In  the 
particular  1. ranches  enential  to  sucoescful  and  economical 
town  ImililiiiK.  The  field  \*  large  and  the  appreciation  of  the 
pnihU-m  and  of  the  advantages  of  such  coordinated  service  is 
growing. 


<  HAITI. i;  in 
SELECTION  OF  SITE 

Sni    IN    Ui.i.\ii«>\  TO  LOCATION  OF  INDUSTI; 
GENERAL  CONSIDERATIONS  AFFECTING  TOWN  SITE  LOCA- 
TION— INVESTIGATIONS  AND  STUDIES  PRELIMINARY  TO  Si  1 1. 
s  i  LECTION 

Introduction. — The  success  which  attends  the  solution  of  the 

* 

industrial  housing  problem  will  depend  in  a  groat  nirasniv  upon 
the  character  and  location  of  the  site  selected  for  the  building 
operations.  Irrespective  of  the  merits  of  the  housing  policy 
which  the  company  is  desirous  of  following,  that  which  may 
actually  be  accomplished  will  be  determined  in  many  ways  by  the 
restrictions  and  limitations  imposed  by  the  site.  •  The  selection 
of  this  must,  therefore,  receive  very  careful  consideration  and 
it  should  not  be  made  until  the  general  policies  have  been  con- 
sidered and  the  chief  requirements  for  housing  formulated. 

HOUSING  SITE  IN  RELATION  TO  INDUSTRIAL  LOCATION 

The  selection  of  the  building  site  may  be  subject  to  a  variety  of 
controlling  and  limiting  conditions.  It  may  arise  as  one  of  the. 
elements  assoc'ated  with  and  related  to  other  factors  which  deter- 
mine the  definite  selection  of  a  plant  site;  or,  in  very  broad  terms, 
housing  conditions  and  opportunities  for  their  expansion,  may 
be  a  factor  in  regional  location  for  an  industry. 

The  two  general  conditions  under  which  housing  sites  are  usu- 
ally selected  are;  first,  where  the  industry  itself  is  a  projected  one 
and  a  selection  for  its  location  has  not  been  made,  and  second, 
where  housing  is  to  be  provided  for  going  and  established  plants. 
The  investigation  which  should  precede  site  selection  in  the  first 
instance  is  more  involved  and  complex  than  in  the  latter,  since 
there  are  more  con«l  tions,  ofton  conflicting,  to  be  satisfied. 

When  a  new  industrial  plant  is  to  be  located,  the  housing  of  tho 
industrial  workers  must  receive  just  as  careful  consideration  at 
the  outset  as  the  other  factors  which  affect  or  concern  the  loca- 
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tion  of  tl  .n.i  tii.  | >n 'bleats  of  operation  and  i>n»i union. 

;, l»,it  in, us  i»  then  piVM-nt  involve  the  housing  problem  in  :i 
winner,       l!    l«  II    |.»  chaticc,  or    to    Inl  mn.i- 

v. m  (ho  dcvclopni'  M-oossftil  oj* 

<»f  tl>.  illy  chosen  beat  it  may  nuk- 

coat  of  bousing  very  expensive.    Housing  M  therefore  to  be  eon- 
(1  as  one  <>f  the  im|>ortant  factors  concerned  in  plant  looa- 

and  ill  product: 

Industrial  and  Economic  Requirements  of  Plant — The  soloo 
tinn  nf  the  region,  the  vicinity,  and  finally  the  definite  *r 
\\hich  t)i<-  j.r.,|,,,-.  to  I--  built,  involves  in  many  cases 

nil  n -i | ii in menu  peculiar  to  that  industry, 
and  contWmi!  v  t<>  various  economic  and  business  conditions  that 
<  nh-r  in  v:niod  ineaxun-  into  the  operation  of  all  industries. 
Special  requirements  for  certain  in-l'i^n.-s  will  operate  to  limit 
the  1«  --uliiT  in  •li-tiniti-  -itu.-iiioiiM  or  to  regions  possess- 

ing  peculiar  n^iuirements  which  arc  absolutely  necessar>'  for  the 
tiat    indiLstry.     Mining    plants,    fur   instance,   are 
necessarily  n-  <>  those  districts  where  the  ore  or  mineral 

deposits  an-  i'min.1:  the  shipbuilding  industry  must  perforce  be 
located  on  a  site  possessing  a  navigable  water  front  of  sufficient 
depth  and  width.  For  certain  industries,  using  large  quanta j.-s 
of  water  in  its  processes,  the  plant  site  must  be  adjacent  to  a  suffi- 
txxly  of  water,  or  to  economical  possibilities  for  the  develop- 
ment of  a  sufficient  water  supply.  The  cheapness  and  availability 
of  fuel  or  power  will  exert  a  strong  influence  and  be  a  deter- 
mining f:i<  t<»r  in  the  selection  of  sites  for  many  industries.  In- 
<-s  which  are  hazardous  in  their  nature.  <>r  productive  of 
unavoidable  odors,  noxious  gases,  and  other  nuisances  will  seek 
isolated  locations. 

Economic  location  with  regard  to  transportation  of  raw  ma- 
terials and  to  distribution  and  marketing  of  the  finished  product, 
will  U»  the  determining  factor  in  the  selection  of  the  location  of 
many  industries.  As  to  whether  nearness  to  source  of  raw  ma- 
terial, or  location  at  points  favorable  for  distribution  will  pre- 
uite,  will  depend  upon  the  nature  of  the  industry,  and  bo 
largely  influenced  by  the  form  and  bulk  of  the  product  manu- 
factured. Industries  inherently  reductive  in  their  processes,  re- 
<iuinn£  bulk  of  raw  material  which  becomes  greatly  reduced  in 
weight  and  volume  in  process  of  manufacture,  will  have  a  ton- 
to  locate  in  proximity  to  the  source  of  the  raw  material. 
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Where  raw  materials  of  sever: 1 1  kinds  arc  used  in  hulk,  the  loca- 
tion may  U-  made  al  any  <.IM-  of  the  soiirco  «.t'  -upply.  or  at 
points  where  convenient  t  ranspm  lal  ion  faciln  !<•-  are  available 
for  all  of  them.  In  any  event  t  raii-portat  ion  and  terminal  facili- 
ties will  U>  most  important  ennsiderat ions. 

In  some  industries  climatic  conditions,  the  amount  of  rainfall, 
humidity,  the  extremes  and  variations  of  temperature  will  have 
an  important  influence  on  the  plant  operation  and  will  so  affect 
the  choice  of  - 

The  location  of  many  manufacturing  industries,  particularly 
those  where  skilled  workmanship  enters  into  the  final  manufac- 
ture and  assembling  of  the  finished  product,  will  l>e  to  a  great 
extent  controlled  by  labor  conditions.  This  factor  is  perhaps 
best  expressed  as  that  of  the  operation  of  the  law  of  "The  Attrac- 
tion of  Similar  Industries."  This  may  be  a  controlling  factor 
even  though  conditions  in  the  locality  are  not  otherwise  relatively 
as  favorable  as  others  for  economic  production.  The  location  of 
the  New  England  cotton  manufacturing  industry,  in  a  region  far 
removed  from  the  source  of  supply,  is  a  well  known  early  instance 
of  the  operation  of  this  law.  It  therefore  follows  that  where  a 
section  has  become  a  leading  industrial  center  for  a  given  kind 
of  manufacture,  the  availability  of  specialized  and  skilled  labor 
at  that  point  will  continue  to  attract  new  enterprises  of  the  same 
or  related  kind. 

The  particular  requirements  of  an  industry,  which  determine 
the  definite  selection  of  its  site  will  depend  upon  the  nature  of  the 
works  and  the  size  and  capacity  of  the  plant.  The  require- 
ments as  to  the  topography  of  the  site  and  its  size,  shape,  and 
the  possibility  of  future  extension  must  be  fully  considered. 
Where  the  requirements  are  such  as  to  demand  location  immedi- 
ately on  the  line  of  a  railroad,  or  where  there  must  be  opport  uni- 
ties for  convenient  and  cheap  disposal  of  waste  product,  these 
conditions  must  be  met. 

Housing  as  a  Factor  in  Plant  Location. — Housing  has  been  re- 
cognized as  one  of  the  factors  which  must,  of  necessity,  enter 
into  the  selection  of  the  location  of  the  industry.  The  problem 
is  to  select  such  a  location  for  the  industry  as  will  fulfill  the  indus- 
trial and  economic  requirements  of  the  industry  itself  and  at  the 
same  time  make  ample  provision  for  a  supply  of  efficient  and  loyal 
workmen. 

There  are  a  number  of  ways  in  which  this  may  be  accomplished. 
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Th<-  more  common  method,  prior  to  the  prenent  day 
was  to  locate  th«-  in  i  .-»  or  close  to  a  populated  .1. 

un-l.-r  -  in  \\ln.-h  tho  hourting  nt|tiin*nieoU  would 

becoming  merged  with  tbote  of  the 
intinit  y.    This  jx.h.  •>•  can  bo  followed  only  where  there  m  either 
a  sufficient  numl*  .ible  bouaea  available  for  occupancy,  or 

when'  l-mldim;  ami  1'UMiieas  conditions  are  auch  aa  to  insure 
construction  l.y  individuala.  Such  a  plan  convoys  no  aaauranoD 
of  satisfactory  housing  conditions  and  failure  of  realisation  may 
react  to  the  detriment  of  tip  y. 

•  her  plan  is  to  locate  the  plant  in  a  district  where  many  of 

the  utilities  and  necessities  and  community  advantages  are 

available,  and  can  be  in  part  used,  and  then  to  buil<l  «-ithc?r  di- 

iii   conjunction   with  other  manufacturers,  suitable 

housing  facitiUes. 

The  third  |>l:in  which  has  been  followed  in  recent  years  by  several 
of  ih«-  1.H-.  i-  industries,  has  been  to  select  a  HH  in  :i  rural  region, 
so  far  removed  from  existing  facilities,  as  to  constitute  the  devel- 
opment of  an  isolated  si1 

Whatever  may  be  the  plan  adopted  for  housing,  the  underlying 
factors  of  the  housing  problem  will  include  consideration  for 
requisite  area;  suitable  topography;  accessibility  to  the  plant 
and  to  any  n.-inhlwring  communities,  whose  facilities  for  recrea- 
i  on  are  to  be  depended  upon;  the  possibility  of  cs- 
t:il>li>hinkr  i  >  roper  health  conditions  and  of  providing  a  reasonable 
measure  of  am<  nit  \  and  attr  ss. 

The  requin-mcnts  of  a  site  suitable  for  housing  are  hereafter  dis- 
cussed in  some  detail  and  it  is  proposed  to  point  out  in  tin- 
chapter  only  the  (  hi.  f  iv«,uiivments  as  to  housing,  which  must  be 
considered  conjointly  with  the  other  factors  when  the  selection  of 
the  site  of  the  plant  is  made.  These  fundamental  factors  will 
include  the  cost  of  the  land,  the  cost  of  the  development  of  the 
site  with  all  improvements  and  utilities  and  the  erection  thereon 
of  buildings  and  the  cost  of  transportation;  the  extent  to  •• 
community  facilities,  such  as  schools,  churches,  recreation  places, 
etc.  must  be  provided,  will  also  have  an  important  bearing.  The 
cost  of  providing  housing,  as  comprehended  by  the  foregoing 
classification,  tou  .iih  oth.  -r  costs,  of  industrial  eon- 

should  IK-  weii:h<-d  for  |x»ssil>lr  location  in  order  to 
determine  that  which  is  best  adaptable  and  most  economical  to 
construct. 
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GENERAL  CONSIDERATIONS  AFFECTING  TOWNSITE  LOCATIONS 

Working  conditions  wit  hin  (ho  plant  and  living  conditions  within 
the  town  greatly  affect  the  stability  of  labor.  Phases  dealing 
with  such  working  conditions:  as  hours  of  labor/  wages,  bonuses, 
piece  payments,  labor  saving  devices,  safety  devices,  elimination 
of  disagreeable  tasks, etc.,  all  lie  within  the  sphere  of  tin  indus- 
trial engineer  and  plant  expert,  as  do  all  the  previous  considera- 
tions heretofore  mentioned.  Factors  affecting  living  conditions 
— as  houses,  stores,  other  buildings,  sanitation,  utilities,  and  n  - 
creational  and  educational  facilities,  etc. — are  phases  which  call 
for  the  consideration  of  town  building  specialists. 

The  selection  of  a  town  site  is  both  a  technical  and  economic 
problem;  it  is  complex  because  of  the  number  and  interrelation- 
ship of  the  various  factors  involved;  and  there  is  just  as  much 
necessity  for  the  exercise  of  skill  and  e\p< -ri< -nee  in  the  deter- 
mination of  the  site  as  in  any  of  the  many  problems  of  produc- 
tion or  operation  of  industry  which  require  the  services  of 
specialists  for  their  proper  solution. 

Distance  Between  Plant  and  Town. — The  location  of  the  plant 
fixed  either  by  technical  plant  considerations,  commercial  advan- 
tages, climatic  conditions  or  presence  of  similar  industries,  may  be 
established  either  in  or  adjacent  to  a  town,  or  in  an  isolated 
location. 

The  choice  of  a  site  for  the  industrial  town,  to  serve  either  of  the 
above  plant  locations,  is  limited  by  a  time  zone,  any  area  within 
which  is  within  a  certain  time  distance  from  the  plant.  The 
town  preferably  should  not  be  more  than  15  to  20  minutes  walking 
distance  from  the  plant,  or  not  more  than  30  to  40  minutes  by 
convenient  and  dependable  transportation  service. 

Factors  which  Relieve  Distances. — The  allowable  distance  from 
the  plant  to  the  worker's  home  will  be  affected  by  conditions 
other  than  the  time  it  takes  to  cover  it  in  walking.  When  access 
to  the  plant  from  the  home  may  be  made  in  a  comfortable,  agree- 
able and  convenient  manner,  the  lessening  of  fatigue  will  tend 
to  minimize  the  effect  of  distance.  There  should,  therefore,  be 
provided  well  planned  routes  leading  from  the  homes  to  the  plant , 
where  walking  conditions  will  be  good,  safe  and  convenient. 
Where  approach  paths  or  roadways  are  provided,  they  should  he 
laid  out  in  easy  grades,  be  well  drained  and  surfaced  and  grade 
crossings  should  be  avoided. 
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Shower  bath*  at  the*  plant  alfcviau-  il..    fatigue  of  Ion* 
homo  and  ma 

ing  and    bathm*   fanlm,-*  reason.    Moat   workmen 

nowadays  like  logo  to  :u  th.ir  \\«.rk  dry  and  clean.    Such 

It*  and  nhould  be  encouraged  by  pr 

ing  suitable  mean*  whereby  it  may  be  satisfied.    In  addition  to 
its  cleansing  effect  the  shower  bath  refreshen  tin  tm  <i  u.  ,r  , 
M,  tit  it   he  makes  the  journey  home  after  a  hard  day's  work 

more  agreeable  frame  of  nun.!. 

Many  companies,  employing  I.irp  numbers  of  women  wot 
have  f.i.-iIiT.i'.-.l  .in.  tit    U-twcen  homm  and  the  plant 

by  allowing  tin-  •«.  (put    work  U'fore  the  men.    Thi- 

b  inueli  <>f  ill.-  rush  and  jostle  for  women  workers  at  the 

plant   Rate*  When   the   \vl,.  'WS. 

owns  the  company  should  see,  where  transportation 
accommodations  are  necessary,  that  they  are  provided  at 
reasonable  cost,  and  are  adequate  and  comfortable.  Labor 
trains  ha  i<-ntly  been  neglected  features;  employment 

will  IK?  made  more  a  if  measures  are  taken  to  innure 

rli'anlinrss  ami  pmVrt  .  .v«-rrr..\\  .lirm. 

Map  Showing  Area  of  Choice-  V  plant  site  fixed 

knowing  the   time   lit  plant   and   townsitc,  an 

can  be  slmun  \\hich  will  im-ln<lc  the  limiting  possibilities  of 
choice  for  the  tov  Hie  size  and  shape  of  this  area  will  I* 

affected,  not  only  l.y  the  topography.  l»ut  l.y  t  he  type  and  charac- 
ter of  the  transportatiun  faeilitii-s  that  exist  or  that  may  be 
economicilly  stance  from  the  plant  to  the 

limits  may  vary  from  01  -en  miles,  according  to  the 

means  of  1  1-.-,  • 

After  asr.-rtainiiiK  the  limiting  an»a  for  town  site  possibi: 
•  •ans  of  the  map,  a  general  <pi'  -'i""  T"  u'  --"IIM.!.  re.l.  beforo 
ular  site  for  the  town  i>  >«  I,  «  •«  ,1.  i-  \vh.-ther  «>r  not  it  i* 
expedient  and  advisable  to  locate  the  plant  and  town  adjacent 
to  each  other  or  to  have  them  apart. 

Advantages  of  Town  and  Plant  Adjacent.-  A  town  Unit  close 

tctory   permits  the  employees  to   walk  to  and  from 

thin     work.     It    reduces    the    crot    of   living,   as  it  cuts  out 

•nation  r\|x  nso.     It  eliminates,  on  the  part  of  the 

n\  .   'ho  necessity  of  buiMmu  or  meoMlmi!  with  transit 

faeili?ie<.     It  |M-riiiits  the  wo;  ..  their  homes  for 

mid-day  meal,  thereby  saving  expense  and  perhaps  securing  food 
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more  to  their  tastes.  It  obviates  the  necessity  of  nun  Inn  ing 
lunch  rooms  for  most  of  the  men  at  the  plant.  It  provides  that, 
workmen  arc  close  at  hand  in  case  of  accidents,  breakdown* 
or  other  emergencies.  It  may  permit  less  costly  confirm -tinn. 
as  erection  of  the  town  and  plant  at  one  location  simplifies  tin- 
shipment  and  hauling  of  building  material-  :md  may  iv<lu<v  the 
cost  of  supervision.  The  proximity  of  tin-  town  to  the  plant 
will  generally  reduce  somewhat  the  cost  of  lighting,  heating  and 
fire  protection  for  the  town  and  other  utiliii-  .  I-  permit*  the 
company  to  have  all  its  holdings  contiguous,  possibly  simplifying 
the  aniuireinent  of  land. 

Disadvantages  of  Town  and  Plant  Adjacent. — Such  proximity 
restricts  the  choice  of  sites.  Frequently  land  suitable  for  an 
industry  may  be  unsuitable  for  the  town,  or  at  least  much  more 
adaptable,  and  attractive  spacious  townsite  areas  may  be  ac- 
quired if  the  choice  is  not  so  restricted.  Adjacency  permits  the 
atmosphere  of  the  plant  to  pervade  the  home.  It  fails  to 
furnish  the  daily  break  between  working  and  living  which  is  so 
advantageous  to  both.  Many  of  the  dangers  and  nuisances 
and  necessarily  unsightly  features  incident  to  the  factory  arc  not 
escaped.  Noise,  smoke  and  odors  from  the  plant  may  make  tin- 
town  less  attractive. 

Decision  Rests  upon  Many  Factors. — No  definite  general 
recommendation  can  be  made  in  regard  to  this  question  of  proxi- 
mity. The  decision  must  depend  upon  the  character  of  the  plant , 
the  nature  of  the  plant  site,  the  character  of  the  country  within 
suitable  distance  of  the  factory,  and  the  status  of  the  transporta- 
tion facilities.  Both  possibilities  should  be  carefully  investigate)  1 
with  an  open  mind.  While  first  costs  should  l>e  kept  in  mind, 
economical  and  agreeable  living  conditions  throughout  the  life 
of  the  town  are  of  greater  importance.  As  a  general  rule,  a 
townsite  reasonably  removed  from  the  plant  is  conducive  to 
the  best  and  most  wholesome  living  conditions. 

Urban  versus  Rural  Towns. — There  may  be  a  choice  of  build- 
ing the  industrial  townsite  in  such  a  position  that  it  may  be 
annexed  to  a  growing  city;  or  of  establishing  the  town  in  an 
isolated  location,  so  that  it  will  remain  a  strictly  self  contained, 
separate  town. 

Policy  of  Home  Ownership. — The  decision  in  this  matter 
hinges  largely  upon  whether  or  not  the  policy  of  the  company 
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IA  to  maintain  owner  him**-*  or  to  *rll  them.     A?: 

urban  -.in. -nt  1,-nd-  H-,  If  m. 

•ale's  policy,  became  such  a  site  afford*  di verse  <>  im  to 

members  of  tho  workingman's  family.    Moreover,  the  urban  site 
let  a  wider  op|*>rtii'  greater  social  and  recreational 

activities,  and  leas  expense  to  the  local  comnium 

Construction  and  Maintenance  Consideration*.— In   spite  of 
higher  laii'l  value,  th.  «M  <.i r  developing  within  or  a«ljan-m  to  an 
.mmunity  will  generally  bo  less  than  that  of  an  isolated 
town.    It  occasions  less  expenditures   for  school*,   churches, 
theatres,   hotels,  stores,   clubs,   etc.     Tin     r  •    the 

utilities  Mich  as  water  supply,  sewerage,  gas,  and  electrical  ser- 
vices, can  be  carried  out  a*  a  rule  less  expend  v.  1 

;pkeep  and  maintenance  cost  of  municipal  utilities  may  be 
assumed,  if  within  its  limit*,  by  the  mum.  -ipaln  \  . 

Di*adraniage8  of  Company  Towns. — If  the  houses  are  sold  to 
the  workers  and  tin-  industrial  housing  proj.-et  is  within  or  is  later 
.•inn. -\.-.i  to  an  established  community,  the  company  is  relieved 
of  all  tin-  trouble  connected  with  the  admi:  n  of  the  town. 

At  its  best  the  duty  of  managing  an  induct  rial  town  is  an  onerous 
if  complicates  rather  than  amplifies  plant  admini-tr 
es  rise  to  a  multitude  <>f  >it  nations  involving  not  only  the 
workman  but  his  family.  It  multiplies  points  of  contact  a 
hundred  fold,  and  unfortunately  these  are  productive  of  fr 
rather  than  good  will;  the  dual  mle  of  landlord  and  employer 
in  large  industries  is  a  difficult  one  to  fill;  it  brings  the  plant 
atmosphere  into  the  h<»me.  It  is  perhaps  the  very  reason  why 
so  many  industries  hav.  held  aloof  from  the  whole  question  of 
industrial  towns.  "Enough  difficulties  occur  in  the  plant," 
says  the  Manager,  "without  adding  to  our  trials." 

For  the  above  reasons  it  will  be  found  advisable  to  select  a  site 
and  follow  a  policy  that  will  guarantee  wholesome  living  condi- 
tions for  the  \\nrk.  r-.   with  the  smallest  possible  amount  of 
company  intervention.     Tl  i     i  nil  lili  mill  llllll  till  II  illilll   llllMinm 
fully;  it  generally  means  the  establishment  of  a  subsidiary  land 
tl  estate  company,  whoso  functioning  and  officials  are  sep- 
arable from  the  i,  •  dly  shaking,  other  eon«i 
Ix-ing  favorable,  an/'  urban  <>r  >uburban  industrial  town- 
to  be  preferred.     Isolated  sites  should  be  chosen  only  as  a  matter 

of  nece- 
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INVESTIGATIONS  AND  STUDIES  PRELIMINARY  TO 
SITE  SELECTION 

With  the  limiting  area  for  sites  of  the  town  established  and 
when  such  questions  as  tin-  ad\  inability  of  building  an  nrhan 
addition  or  an  isolated  town,  and  of  location  relative  to  the  plant 
have  been  considered,  other  factors  affecting  the  details  of  selec- 
tion of  a  definite  site  follow  in  consideration. 

It  may  well  be  that  the  determination  as  to  the  above  will  not 
be  settled  finally  until  data  on  a  number  of  sites  are  presented. 
Thus  it  may  prove  advisable  to  consider  a  site  best  suitable  for 
an  urban  addition;  another  in  a  location  most  suitable  if  the 
town  is  to  be  close  to  the  plant;  and,  finally,  a  third,  most  adapt- 
able for  an  isolated  town  site. 

Necessary  Acreage. — To  determine  the  area  necessary,  the 
number  and  types  of  houses  to  be  built,  and  the  requirements 
as  to  size  of  lot,  must  be  known;  the  quarters  necessary  for  snide 
men,  the  number  and  size  of  public  buildings,  stores,  parks,  etc., 
must  be  approximately  predetermined  and  to  the  area  thus  found 
there  must  be  added  the  space  necessary  for  reasonable  future 
expansion.  Knowing  these  facts  the  minimum  area  required 
for  a  complete  townsite  is  found.  So  much  for  minimum  acreage 
required. 

General  Statement. — Irrespective  of  the  acreage  actually  ? 
sary,  the  acquisition  of  additional  land  is  generally  advisable. 
Future    unforeseen    developments    are    thus    protected.     The 
general  tendency  is  for  such  land  to  increase  in  value  and  it  may 
be  sold  later  at  a  profit  if  advisable.     It  protects  the  develop- 
ment from  undesirable  conditions  growing  up  at  its  borders.     A 
practical  procedure  to  follow  is  to  determine  the  minimum  acn 
required  and  then  to  acquire  as  much  more  as  possibilities  of 
future  expansion  warrant  and  as  can  be  conveniently  obtained 
ami  financed. 

Government  Examples. — As  a  suggestion  in  determining  the 
minimum  acreage,  interest  attaches  to  the  average  building 
density  per  acre  provided  for  in  the  128  town  site  projects  origin- 
ally planned  by  the  United  States  Housing  Corporation  which 
was  5.6  families  per  acre  of  gross  area.  The,  type  of  houses 
built  affect  the  density  per  acre;  thus  rows  of  group  houses 
furnish  a  larger  number  of  families  per  acre  than  semi-detached 
or  single  detached  houses. 
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ludos  street  area,  open  spaces  and  area  devoted  to  school  and  re- 
creational purpoMB. 

Tin-  following  statement  i-  quoted  from  the  Ontario  Housing 
issiir.l  in  1918. 


"Leaving  ample  allowance  for  strccU  and  open  space*. 
acre  would  ]x-niiit  lota  of  2500  gq.  ft.     In  comparison  it  is  interesting 
to  note  that  ti  1  (Canadian)  Standards  suggest  a  minimum  lot 

NIK)M|.  ft.  in  riti,-  :n,.l  towns,  and  1500  sq.  ft.  in  villages." 


Allowing  the  area  required  for  the  street*,  lots  and  parks  in 

the  residential  section  of  an  industrial  town,  the  fore-going  allow- 

ances will  result  in  a  den-ity  of  from  eight  to  sixteen  families 

per  built-up  acre.     An  average  of  families  per  occupied 

\  ill  not  necessarily  cause  congested  conditions. 

>  denotes  the  average  distribution  of  area  in  terms  of 

.il  arva  of  various  townsite  projects  pisnnrd 

l»y    t  ed    States  Government  during  the  recent   War; 


L6 


/.\/>/  STK1M.   II' 


ontrmplatrd  l»y  the  t'nitiMl  States  Housing  Corporation  and 
12  of  those  built  by  the  Emergency  Fleet  Corporation. 

TMILB  7. — STATISTICS  or  SOME  UNITED  STATES  HOUM  noil 
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Shape  and  Costs.— Having  determined,  from  a  study  of  the 
requirement*  tentatively  considered  UK  control)  are* 

needtni  fur  the  d.-\.-l..piii.-iii.  the  next  question  aristae  under  se- 
o  compare  different  possible  areas  on  the  basis 
of  shape  (fa.,  adaptability),  cost  to  secure  and  possible  method  of 
acquisition. 

Boundarie*.— The  suital  a  pomible  site  may  be  les- 

sened by  reason  of  the  shape  of  th,-  availal.l. 
be  acquired.    The  boundaries  may  be  determined  »,-,  the  .. 
to  make  reasonahl*    purchase  so  that  the  develo;  f  the 

tract  may  be  can  .-.  a  satisfactory  maun.  rwise, 

conaideral  !  <  \i«-nse  may  In-  incurn •<!  \\ithnut  adequate  rvttirn. 
The  possibility  of  l*-nm  unable  to  acquire  rights  of  way  for  access, 
or  for  in  i  asonahle  rates  should  IN-  inquired 

into  an <1  will  likely  at),  fckxt.     Preeatttioos shoald be taJoBfl 

to  determine  t|M.  jiM^ii-ihiv  of  damage  to  ahuttitm  or  nearby 
property  arising  :  r  otin-r  eause.  Tii«-  nation 

can  often  U>  improvrd  |,y   in«hi«-inLr  adjoining  owners  top.-, 
pate  in   Ix-arin^   p:irt    <>f  tiir  ru>t    of  tlios<-  itn  rits  which 

benefit  ti  - :  such  joint  «li>tril.tir  K.I;  of  costs  may  make 

lopment  of  a  Kite  which  otherwise  could  not 

IM-  r..livi(l,-n-«l. 

:iust,  however,  not  be  supposed  from  the  above  that  the 
rectangular  or  regular  shaj*  '1  •  •,-!  is  most  economical 

or  desirable  in  all  cases,  a>  .IT.-.-T  the  decision. 

and  some  of  t  ical  characteriMtiw  mentioned  in  the  next 

section  play  a  greater  p.. 

Cott  of  Land. — Cost  of  securinR  land  i-  an  ini|)ortant  factor, 
but  again  not  controlling.  a>  that  which  is  cheap  in  first  cost 
may  be  expensive  to  develop  and  to  provide  the  facilities  required 

Land  in  isolated,  rural  ..-rally  less  expensive 

than  that  adjacci  particularly   if  purchased  1 

ledge  of  the  location  of  the  industry  has  been  made  public. 

Method  of  Acquisition.— -Two  methods  of  acquiring  land  present 
themselves — one  in  which  options  upon  or  purchase  of  ground  are 
obtained  before  announci:  —second,  by 

cooperative  action  and  pooling  of  in  tenets  in  land  for  t  he  common 
good,  in  secure  the  establishment  of  an  indu^ 

The  tir-t  is  the  common,  well-known  met  hot  1  «>:  rig  or 

purchasing  through  an  agrnt  ami  so  getting  con tn»l  of  sufficient 
land  at  reasonable  and  normal  prices  before  the  identity  and 
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intent  of  the  future  promoter  is  rpv.-.-I.-.i.  In  the  second,  the 
possibility  of  competition  of  sites  both  for  factory  and  town  is 
In  -Id  out  to  the  people  and  owner,  and  thus  an  interest  stimulated 
to  combine  interests  and  present  the  favored  grouping  of  lands 
for  consideration  at  the  most  reasonable  price. 

Physical  Characteristics. — The  natural  conditions  of  the 
ground  affect  profoundly  the  relative  desirability  of  sites,  not 
only  as  to  first  cost  and  up-keep,  but  also  as  to  comfort  and  con- 
venience. 

Topography. — It  has  been  stated  previously  that  rugged  hills 
and  like  barriers  may  control  a  development  ami  it  is  well  known 
that  the  utilization  of  river  bank  and  bottom  la  ml  for  factories 
has  frequently  left  only  the  hills  and  gullies  as  a  chance  for  houses, 
and  added  much  to  the  expense  and  unpleasantness  of  life. 
On  the  other  hand  monotonously  level  ground  is  not  ideal,  eit  her 
from  the  investment  or  attractive  point  of  view.  A  slightly 
rolling  area  permits  of  less  expensive  drainage  than  one  with  a 
generally  flat  surface,  as  well  as  affording  more  variety  in  treat- 
ment of  allotment  and  division  into  streets,  lots  and  open  spaces. 

Soil  Conditions. — The  kind  and  depth  of  soil  available  affects 
the  beautification  of  the  town  and  horticultural  developments  of 
lawns,  playgrounds  and  parks.  The  depth  to  rock  and  the  char- 
acter and  stability  of  the  earth  will  greatly  affect  the  cost  of 
utilities,  site  grading  and  building  cellars  and  foundations.  The 
depth  of  water  table  not  only  affects  cost  of  trenching  and  laying 
pipes,  but  involves  the  added  costs  of  sub-drainage  of  building 
foundations,  and  other  precautions  to  obviate  wet  cellars.  It 
also  is  a  large  factor  in  infiltration  into  sewer  systems  and  may 
thus  affect  not  only  the  cost  of  treatment  works  but  also  the 
maintenance  thereof. 

Climatology. — The  average  and  extreme  ranges  of  temperature 
and  precipitation  determine  to  a  large  extent  the  character  of 
house  required.  It  is  readily  appreciated  that  the  materials  of 
house  construction  in  Canada  differ  from  those  of  the  Tropics, 
but  it  is  also  quite  as  true  that  use  of  shutters  and  overhanging 
ives  also  varies  with  amounts  and  frequency  of  precipitation. 
Other  items  of  climate  affect  location. 

The  prevailing  direction  of  winds,  especially  in  connection 
with  the  subject  of  nuisance,  frequently  plays  an  important  part 
in  the  desirability  of  a  site.  The  topography  affects  this 
also,  as  ravines  or  steep  hillsides  may  and  frequently  do  cause 
accumulation  of  smoke  and  fog  banks,  so  as  to  render  unavailing 
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the  ordinary  currents  of  air  which  dimipato  and  break  up  such 
objectionable  features.  The  availability  and  frequency  of  sun- 
an-  ini|M>rtant,  as  it  adds  to  the  cheerfulms*.  Vegetation, 
somewhat  akin  to  this  subject,  may  affect  the  location  * 
extent,  as  heavily  wooded  areas  add  to  the  expense,  because  of  the 
neceK  But  some  woods  and  retention  of  such 

trees  as  will  i  tion,  are  an  advantage  for 

breathing  s|>otK,  parks  and  residential  tstrrctn.  The  existing 
types  of  plant  life-  indicate  th.i-e  which  will  grow  easily  in  the 
region. 

tography. — The  recorded  nickneas  and  death  rates  of  the 
—the  known  reputation  of  the  com- 
'y  as  to  healthfulness — have  an  important  bearing  on  the 
desirability  of  a  site.    So  likewise  the  appearance  of  the  ground 
and  water  courses,  as  to  sanitary  condition  and  the  prevalence 
of  the  mosquito  nuisance,  although  controllable,  affects  pro- 
foundly the  general  suitability  of  a  tract — at  least  in  the  minds  of 
the  early  visitors  and  prospective  inhabitants. 

Nuisances. — All  of  the  factors  that  cause  nuisance,  such  as 
objectionable  noises,  smoke,  fog,  odors  and  noxious  gnntti  are 
:  elated  to  topography  and  climate.    Frequently,  however, 
local  conditions  of  f  certain  types  of  industry  making 

ible  noises,  such  as  boiler  shops,  ml  ling  mills,  etc.,  or 
unoomfortahle  odors  or  vapors,  such  as  laundries,  canneries,  re- 
furnaces,  may  make  nearby  locations  for  town- 
sites  decidedly  unsuitable  unless  these  be  on  the  leeward  side.  The 
noxious  gases  from  certain  industries  may  not  only  be  injurious 
to  fabrics  and  to  health,  but  also  to  vegetation.  Such  are  not 
to  be  permitted  in  the  vicinit  e  townsites. 

Means  of  Communication, — All  available  means  of  transporta- 
tion, whether  by  writer,  steam  railroads,  electric  traction  lines, 
highways  or  foot-paths,  aid  in  determining  the  selection  of  sites 
between  two  or  more  available  ones.  Such  conveniences  may 
even  affect  the  question  of  embarking  upon  schemes  of  smuse 
and  recreation;  for  if  available  at  a  place  not  too  far  away 
l>y  means  of  easy  communication,  it  is  not  necessary  to  build 
new  ones. 

Steam  and  Electric  Railroad*.— The  distances  and  grades  of 
ml. fares  to  prwi.t  railroad*,  the  possibility  of  location  of 
branch  lines,  availal-ilif  \  of  terminal  facilities,  schedules  of  ser- 
vice and  fares  to  important  centers  of  population  arc  leading 
criteria   in  selecting  townsites.     Facilities    for  interchange  of 
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traffic  and  freight  U-tween  available  means,  such  as  water  ways 
as  well  as  railroads  and  highways,  arc  valuable  adjuncts  to  any 
town.  Then,  too,  an  available  water-front  a  fiords  means  of 
suitable  development  for  parks  and  recreation  and  largo  Ixnlies 
of  water  present  opix)rluni(y  for  disposal  of  waste  which  with 
-cnt  means  of  treatment,  may  be  witliout  objectionable  r«  - 

Highways. — The  character,  cxent  and  width  of  highways  in 
furnishing  adequate  and  convenient    means  of  communication 
Ix'twecn  village  and  factory  arid  even  the  not  too  far  dist 
city,  are  becoming  more  and  more  important  in  the  selection 
of  housing  areas. 

In  the  present  days  of  automobile  true-king,  industry  even 
may  locate  away  from  a  railroad  siding  and  have  its  hauling  of 
supplies  and  product  done  by  the  use  of  motor  trucks. 

Existing  Facilities. — The  selection  of  a  townsite  in  many  cases, 
especially  when  rapidity  of  completion  is  important,  is  deter- 
mined by  the  question  of  whether  there  be  available  various  pub- 
lic utility  systems  of  sufficient  capacity  for  extension  into  new 
territory.  This  of  course  arises  particularly  where  the  industry 
is  considering  a  location  near  or  adjacent  to  a  city. 

The  possibility  of  extending  existing  utility  system-  furnishing 
a  satisfactory  water,  gas,  or  electric  supply,  and  of  utilizing  or 
connecting  with  existing  sewerage  and  drainage  works,  should  be 
carefully  investigated  and  the  relative  advantages  of  various 
available  sites  should  be  compared.  It  will  be  found  upon  in- 
vestigation that  many  sites,  otherwise  suitable  will  be  relatively 
much  more  expensive  to  develop  than  others  on  account  of  their 
location  relative  to  the  existing  utilities.  In  this  connection 
feasibility,  cost  and  length  of  time  required  to  afford  service 
must  be  considered  and  given  due  weight. 

The  existence  of  the  nearby  city,  with  all  of  its  public  out-door 
and  in-door  recreative,  and  educational  facilities  within  reaeh. 
means  that  the  needs  of  the  new  settlement  can  be  met  without 
building  for  it  alone.  Proximity  to  such  facilities  has  a  consider- 
able money  value,  mice  the  necessity  of  creating  them— and  they 
are  generally  of  non-revenue  nature — is  avoided. 

v  other  factors  affect  the  determination  of  location  and, 
like  the  above,  simply  play  their  part  in  the  weight  of  opinion. 
Not  all  will  be  found  of  a  favorable  character  in  any  one  place 
but  each  should  be  considered. 
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. — If  there  be  choice  without  undue  additional 
expense  a  site  most  adaptable  to  the  a  .<*  development  of 

il  advantages  nhouM  l«  chosen;  thus  pleaaantneai  and 

i  at  the  same  time  opport unity  for  out-door 
incut  and  exercise  may  readily  be  obtained.    Locations 
near  lakes  or  streams,  interesting  vistas,  and  pleasing  topography 
may  sometimes  aj.|"  dictate  final  selection, 

is  to  be  realised  that  attractiveness  has  a  positive  value,  care 
.should  bo  taken  not  to  allow  fulfillment  of  interesting  scenic 
possibilities  to  outweigh  the  ever  present  considerations  of 
economic  costs  for  the  development  of  the  area. 

Prejudices  and  Customs. — Cognisance  should  be  given  to  any 
local  prejudices  particularly  in  n-|M-.-t  to  thr  race  quetftior: 
forecast  with  respect  to  the  tyj>r  of  laU.r  to  be  employed  is 
necessary  to  avoid  this.    Social  and  religious  and  political  cus- 
toms of  the  people  mtist  be  eontidei  implr;  the  strong 
ings   of    thr    Kentucky    mountaineers   and    their 
ion  for  work  on  Sundays  in  the  coal  mines  recently  developed 
there,  is  in  contrast  with  thr  indifferent  attitude  of  the  miners 
in  some  of  the  western  states. 

Preference  for  house  typos,  frequently  r  •  xplainable  except 
by  custom  of  peoples  or  community  must  be  reckoned  with 
and  planned  f«>r;  thr  California  bungalows,  the  Philadelphia 
rows  or  groups,  the  New  England  cottage,  seem  to  possess  a  local 
attraction  not  common  e  \vry\\h. 

Surroundings. — Care  must  be  exercised  in  passing  upon  the 
suitability  of  a  given  site  to  insure  that  the  attractiveness  and 
value  of  the  property,  and  thr  living  and  social  condition  of  the 
inhabitants  will  not  t*>  diminished  by  the  nature  of  the  sur- 
roundings. The  existence  of  nearby  built-up  district*  of  undesir- 
able character  is  to  be  particularly  avoided  as  detrimental  to 
attractiveness,  pcrmai  :  value  and  as  neutralising  efforts 

to  maintain  good  social  and  moral  conditions. 

Laws  and  Restrictions. — Building  restrictions,  plumbing  and 
health  regulations,  etc..  frequently  control  the  construction 
details  of  houses,  sometimes  to  an  unnecessary  and 
degree.  This  may  be  so  onerous  in  certain  incorporated 
munities  as  to  dictate  a  location  outside  of  their  political  bound- 
aries. Legal  powers,  permitting  the  accomplishment  of  o 
aim-  in  thr  development  of  housing  plans  and  utilities  are  favor- 
able in  some  places  and  not  so  well  adapted  in  others,  thus 
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vitally  influencing  the  decision  between  different  local  ions. 
Local  customs  and  business  restrictions  may  often  cause  con- 
struction to  be  unduly  CXJH  n>i\.  . 

Conclusions. — The  select  ion  of  a  town  site  for  housing  industrial 
workers  is  a  many  sided  problem.  It  should  neither  be  decided 
precipitously  without  taking  in  account  all  of  the  factors,  nor 
should  the  location  of  the  proposed  plant  be  decided  without  a 
study  and  a  determination  conjointly  made  where  labor  is  to 
be  housed.  With  a  given  type  of  plant  and  number  of  woi  1 
character  of  product  and  market  conditions,  and  kinds  of  labor 
required,  the  general  range  of  locations  can  be  found. 

The  next  group  of  determinations  cover  those  coming  under  the 
head  of  urban  or  rural  selection  and  those  like  adjacency  and 
remoteness.  These  two  are  affected  by  policies  of  ownership 
and  renting  which  must  be  decided  at  the  same  time. 

Then  come  the  various  detail  factors  that  should  be  con- 
sidered and  weighed  in  the  balance  of  judgment  in  selecting 
an  industrial  site.  Too  often  in  the  past  decisions  have  rested 
upon  the  influence  of  too  few,  sometimes  even  upon  whims  and 
aesthetic  tastes,  much  to  the  increase  of  final  cost  and  occasionally 
with  the  result  of  complete  failure  of  the  project. 

The  definite  selection  of  the  site  should  be  based  upon  some- 
thing  more  than  mere  weight  of  opinion.  The  relative  advan- 
tages of  the  available  sites  should  be  compared  by  means  of 
preliminary  estimates  of  the  comparative  cost  of  their  develop- 
ment combined  with  the  cost  of  purchase.  This  will  involve 
making  estimates,  necessarily  hurried  and  incomplete,  but,  suffi- 
ciently close  and  dependable  to  indicate  true  comparisons. 
It  must  be  realized  that  there  are  large  differences  in  cost  of 
developing  various  sites,  in  excavating  cellars,  installing  utilities, 
etc. ;  that  some  sites  will  require  much  more  to  transform  into  a 
community  than  others.  The  cheaper  land  will  not  always  be 
the  most  economical  in  the  end  as  the  amount  saved  in  its  pur- 
chase may  be  absorbed  in  expenditures  which  better  located 
and  more  expensive  land  may  not  require. 

It  is  the  hope  and  expectation  that  the  remaining  chapters  of 
this  book  will  not  only  show  the  need  of  studying  all  factors  but, 
the  probable  weight  needed  to  be  given  to  each;  with  the  n-ult. 
that  a  happy  and  judicious  decision  will  result  in  any  given  case 
after  a  review  of  all  the  conditions. 
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DEVELOPMENT  OP  THE  TOWN  PLAN 

ALLOTMENT  or  ARBAA—  THE  STREET  STETEM— SUMMAEY  or 
PROCEDURE-- RECENT  COMMUNITY  DEVELOPMENT* 

Introduction.— While  a  well  developed  town  plan  is  the  first 
essential  in  the  prepn:  f  a  definite  program  for  a  project, 

MK  i>  a  plan  can  be  worked  out  un<i  finally  adopted  only  after 
many  un«l«Tl\iim  pn>l.l.-ma  and  relationships  have  been  con- 
sidered and  solv. 

A  completely  evolved  town  plan  will  ordinarily  include  the 
following  main  features: 


(a)  Division  of  the  are*  into  district*  according  to  character  of  t 

(6)  System  of  main  or  arterial  streets. 

(c)  Systems  of  secondary  or  sub-arterial,  business,  and  residential 


(d)  Sub-division  of  the  blocks  into  building  lots. 

(«)  Transportation  facilities;  including  street  and  trunk  railways 
and  railroad  stations,  or  both. 

(/)  Parks,  playgrounds,  civic  or  community  centers,  schools,  public 
or  aerai-puMii  I. millings  and  special  features,  as  required,  such  M  loca- 
tions for  public  util  urea. 

(0)  Gardens  or  yard  developments,  either  in  rear  yards  or  allotments. 

The  extent  to  which  the  various  foregoing  features  are  to  be 
introduced  into  the  plan  of  a  housing  development  will  depend 
very  largely  upon  its  size  and  its  location  relative  to  other  and 
adjoining  communities.  The  various  elements  and  their  under- 
lying requirements  heretofore  noted  are  more  or  less  interrelated; 
their  incorporation  in  a  town  plan  is  a  problem  of  coordination 
and  adaptation.  Too  much  emphasis  cannot  be  laid  upon  the 
importance  of  consistent  and  coordinated  planning,  upon  the 
necessity  for  careful  consideration  of  the  essentials  of  each  ele- 
or  feature;  and  upon  the  merging  of  the  whole  into  a  weO 
balanced  program. 

The  simple,  but  often  neglected,  relationship  bctweei 
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grading  and  \\ouac  location  will  serve  as  an  illu>trati..!i  <>f  the 
interdependence  between  different  items  of  the  plan.  Thus 
streets  should  "not  only  be  located  and  graded  so  as  to  fulfill  the 
requirements  of  traffic,  access  and  drainage — their  prime  func- 
tions— but  also  should  be  fixed,  with  proper  regard  for  economic 
and  desirable  house  location,  particularly  to  minimize  the  cost 
of  lot  grading.  The  surplus  or  deficiency  of  materials  in  street 
excavation  may  well  be  a  factor  in  the  development  of  designs  for 
lot  grading.  Also  the  use  of  alleys,  with  their  at  tendant  e.\|x>nse 
of  construction  and  maintenance,  will  depend  very  largely  upon 
t  he  type  and  grouping  of  the  buildings.  Illustrations,  such  as  the 
foregoing,  could  l>e  multiplied  indefinitely,  showing  the  necessity 
and  the  practical  benefits  to  be  gained  by  the  working  out  of  a 
carefully  considered  and  comprehensive  town  plan. 

There  is  an  opportunity  for  accomplishment,  in  the  planning 
of  an  entirely  new  community  which  is  not  presented  by  ordinary 
municipal  subdivisions  or  real  estate  developments.  Many  of 
the  factors,  such  as  the  character  of  buildings,  or  the  amount  and 
movement  of  traffic  which  are  frequently  problematical  in  the 
latter  instances,  can  be  made  determinate  in  the  planning  of  an 
independent,  industrial  town.  The  new  community  can,  there- 
fore, be  intelligently  planned  to  meet  definite  requirements  and 
conditions,  and  again,  the  problems  and  the  order  of  their  con- 
sideration will  be  quite  different  than  in  the  revision  or  rc- 
planning  of  older  communities. 

On  account  of  the  great  variance  in  the  physical,  economic 
and  other  conditions  vitally  affecting  the  town  plan,  it  is  im- 
possible to  lay  down  hard  and  fast  rules  for  general  application. 
There  are,  however,  certain  criteria  which  may  be  applied  and 
certain  standards  which  must  be  met. 

The  street  system  must  be  so  planned  that  it  will  answer  the 
every-day  requirements  of  traffic,  business  and  access  to  the 
houses.  The  physical  well  being  and  health  of  the  community 
must  be  assured  by  providing  sufficient  light,  open  space  and  air, 
and  by  arrangements  and  utilities  which  will  promote  good 
sanitary  conditions.  The  limitations  of  cost  and  financial  ret  urn 
must  be  kept  in  mind,  and  the  expenditure  so  proportioned  be- 
tween the  various  requirements  that  it  will  be  most  effective  in 
promoting  the  health,  convenience,  amenity  and  contentment  of 
the  inhabitants.  In  other  words  the  plan  must  make  complete 
and  economical  provision  for  all  needs  of  the  residents. 
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ALLOTMENT  OP  AREAS 

General. — The  i;  p  in  the  development 

securing  the  topographical  and  other  fundamental  information, 
is  the  division  of  the  area  into  difttricU  according  to  char* 
use.  Suitable  areas  must  be  reserved  for  industrial,  oomroercial 
and  residential  developments,  for  parks,  aehoola  and  other 
recreational  and  community  purposes,  and  sites  must  be  selected 
for  pul.lic  and  semi-pul»lic  purposes  such  as  the  civic  center  and 
nMiiik'-.  railroad  stations  and  puM.e  works. 

In  such  districting,  topography,  elevation  and  flitting  or 
projected  transpo  lines,  will  exert  great  int'.u.  .•»••••. 

shape  and  location  of  the  n  depend,  to  a 

considerable  extent,  upon  the  «!•  of  a  satisfa 

system  of  arterial  streets  for  through  traffic  and  connection  with 
other  areas  or  communities.    The  work  of  division  must,  there- 
1*  carried  out  in  dose  connection  with  the  arrangement 
of  the  ar  system. 

Districting  and  Zoning.— -The  number  and  kind  of  di> 
and   residential  sub-districts    which    will   be  required   will   lie 

oiled  by  the  contemplated  size  of  town  and  variety  i: 
of  industries  and  houses,  the  required  size  and  shape  of  lots,  and 
the  cost  of  land.  Districting  consists,  primarily,  in  utilizing  the 
various  portions  of  the  town  and  parcels  of  land  in  such 
manner  as  best  to  serve  the  health,  welfare  and  safety  of  the 
the  community  to  the  best  purpose.  It  furthennoreshould  include 
ion  of  restrictions  or  zoning,  to  establish  the  districting 
policy  and  to  insure  permanency  in  the  use  of  pr 

It  is  necessary,  not  only  to  make  the  most  effective  use  of  the 
property  and  to  build  on  the  most  adaptable  ground.  Uitalso 
to  protect  the  future  pmvha>er.  Xoning  regulations  should 
be  promulgated  and  enforced  from  the  beginning,  and  should 
restrict,  ainoim  other  things,  the  percentage  of  lot  occupied,  the 
heiuht  oi  1  .in Mings  and  the  use  and  occupancy  of  buildings.  This 
will  define  the  development  of  dMrirt.i  for  many  years  to  come. 
Such  reuulatioi^  an-  now  being  enforced  in  a  number  of  American 
cities  and  are  U'ing  upheld  l>y  the  court*.  They  iiuwre  that  the 
purposes  of  the  development  will  be  attained  and  at  the  same 
time  protect  the  interests  of  the  community  and  the  individual. 

Such  regulations  while  an  exercise  of  the  police  power  must  in 
rat  place,  necessarily  be  based  upon  careful  designing  and 
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study  of  probable  use.  The  separation  between  various  (list  rids 
should  not  be  made  too  evident,  in  order  to  avoid  tin-  ereation 
of  a  prejudice  against  the  property  c.f  Inurr  value.  A  \\ater 
course,  ridge  line,  woodland  strip,  park  or  other  topngraphiral 
feature  may  be  employed  for  the  purpose.  The  varinu 
dential  districts  should  preferably  be  contiguous  to  each  other, 
thereby  reducing  the  outlay  for  schools,  fire  protection  and, 
generally,  the  cost  of  utilities. 

The  more  expensive  houses  will  naturally  be  built,  when-  the 
values  will  be  affected  the  least  by  nuisances  from  t  In-  plant,  such 
as  noise,  smoke  or  odors.  The  relative  advantages  of  exposure, 
prevailing  winds  and  similar  physical  factors  should  also  be  taken 
into  account  in  selecting  areas  adaptable  for  the  various  types 
of  houses. 

If  the  plant  is  adjacent,  its  relation  to  the  several  residential 
districts  deserves  serious  consideration.  The  proximity  of  the 
various  districts  to  the  main  lines  of  transit,  railroad  or  street 
railways,  or  both,  must  also  be  taken  into  account;  especially 
the  latter,  if  transportation  must  be  used  by  the  workers  to  reach 
the  plant.  In  making  this  study,  an  important  consideration  is 
the  time  required  to  walk  from  the  work  to  the  homes.  The 
higher  paid  employees  will  generally  be  found  willing  to  travel  a 
considerable  distance  to  obtain  a  more  attractive  home  and  en- 
vironment. The  growing  extensive  use  of  the  automobile  by 
the  well  paid  is  also  to  be  considered.  On  the  other  hand,  the 
unskilled  workman  prefers  to  live  as  close  to  the  plant  as  possible. 
It  is  preferable  that  the  walking  distance  from  the  houses  of  the 
the  lower  paid  men,  particularly  the  laborers,  should  not  exceed 
fifteen  minutes. 

Districting  is  an  essential  element  of  the  town  plan,  and  is  inti- 
mately related  to  the  arrangement,  width  and  character  of  the 
streets. 

Sub-division  of  Property. — Property  sub-division  embraces 
the  determination  of  the  shape,  size  and  proportions  of  the  lot 
and  block,  and  also  the  division  into  sub-areas,  according  to  the 
character  of  the  proposed  improvements. 

In  deciding  upon  the  best  use  to  which  the  various  parts  of  the 
area  may  be  assigned,  topography  and  physical  condition-  of 
the  ground  must  be  fully  taken  into  account.  These  affect  the 
grades  of  the  streets  and  cost  of  site  grading  for  buildings.  For 
instance,  detached  or  semi-detached  dwellings  can  be  built 
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frequently  on  Ian  .  may  U-  unduly  expensive  to 

row  or  group  huiLling*,  or  for  business  blocks, 
to  adjoining  areas  of  suitable  ground  should  also  be  considered, 
in  lot-  a  various  sub-district*,  particular  iitudy  being  ghreo 

to  the  probability  and  extent  of  such  futur«»  development*. 

Where  conditions  are  such  as  to  make  immediate  improve- 
ments inadvisable  or  unduly  «••  •-»!>•.  the  disposition  of  such  parU 
of  the  area  as  are  unsuitable  f«.r  1. ml* ling  purposes  should  be 
determined  when  the  tract  is  districted.  These  conditions  may 
ol.r.-m,  ii|>on  account  of  inaccessibility,  rough  topography  with 
ledges  or  rock  strata  close  to  the  surface;  or  the  presence  of  low 
lying  ground,  swampy,  diHimli  to  drain,  or  subject  to  flooding. 
Examples  of  making  such  areas  available  for  use  include  the 
filling  of  low  land  from  surplus  street,  aid  cellar  excava- 

draulic  fill  from  an  adjacent  river,  and  drainage  of 
swampy  ground  by  trenching. 

Allowance  per  House. — The  net  cost  of  the  land  required  for 
each  I'M  i  Mi  UK  lot  and  improvements  must  necessarily  be  a 
governing  consideration  in  <1<  r,  nnining  the  size  of  the  lot.  This 
can  be  cli--.-m.in.-l  only  nft.-r  all  allowances  and  deductions 
have  been  made  for  land  used  for  non-return  purposes  and  for 
that  which  is  unsunaM.-  for  i m; •:••..  m.-nts.  It  will  be  helpful, 
in  studying  the  problem,  to  form  an  idea  of  the  extent  and  rear 
sons  for  MI  ; i  drdurtions. 

The  area  reserved  for  streets  and  alleys  will  vary  with  the 
topography  and  th»-  .l.-pth  and  length  of  the  blocks,  and  will 
depend  upon  tin-  .l.-pth  of  the  in.livi.hml  lot  and  hence  upon  the 
type  and  grouping  of  the  proposed  buildings.  In  this  connection, 
the  statistics  pic-al  villages  planned  and  constructed 

l»y   the   Emergency  Fleet  Corporation,  as  given  in  Table  8, 
Chap.  Ill,  \\ill  U-  of  ink-rest. 

It  will  u-  noT.-.l  that  the  percentage  of  the  area  devoted  to 
streets  and  alleys  in  these  projects  ranges  from  20.1  to  44.2 
per  cent.,  and  that  the  average  for  all  projects  was  26.8  per  cent. 
The  average  of  t  \\vniy  town  plans,  selected  as  typical  from  those 
made  by  the  United  States  Housing  Corporation  indicate  that 
25.5  per  cent,  of  the  area  was  set  aside  for  streets  and  alleys. 

Provision  HUM  also  be  made  for  parks  and  open  spaces,  and 
for  schools,  rhun-hea  and  other  public  and  acmi-|"il»lir  ImiMinip. 
irea  set  aside  for  these  purposes  will  vary  widrly  depend- 
ing to  some  .  ix>n  the  isolation  of  the  now  development 
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and  upon  the  degree  to  which  facilities  for  recreation  and  diver- 
sion, especially  large  park  areas,  are  afforded  by  adjoining  com- 
munities. An  average  of  14.3  per  cent.  \s;us  set  aside  for  such 
purposes  in  the  above  mentioned  Kmeri:enc\  II  :>oration 

towns,  while  about  9  per  cent,  was  reserved  in  the  towns  laid 
out  by  the  United  States  Housing  Corporation.  It  will  gener- 
ally be  found  advisable  to  set  aside  from  eight  to  twelve  per 
cent,  of  the  total  area  for  parks,  open  spaces,  playgrounds  ami 
similar  purposes.  The  land  devoted  to  these  purposes  should 
not  be  considered  as  a  loss  of  saleable  j>n»p< -rty.  This  is  par- 
ticularly true,  when  land  unsuitable  for  building  purposes  is 
taken,  but  in  any  event,  this  cost  is  often  more  than  compen- 
sated for  by  the  enhancement  in  value  of  the  adjacent  property 
and  by  better  living  conditions. 

After  all  deductions  have  been  made  and  the  unsaleable  por- 
tion  excluded,  from  60  to  65  per  cent,  of  the  original  area  of  the 
tract  will  constitute  the  saleable  lot  area  for  building  use.  This 
will  indicate,  in  general  terms,  the  extent  to  which  the  acn 
cost  will  have  to  be  increased  to  cover  the  net  cost  of  the  land 
when  subdivided  into  building  lots. 

Densities. — The  numl»er  of  dwellings  per  acre,  or  the  building 
density, is  of  general  interest,  as  its  shows  the  degree  to  which  the 
property  can  be  occupied  and  affords  a  common  basis  of  compari- 
son. The  number  of  houses  per  acre  is  therefore  the  measure- 
ment of  the  saturation  of  the  plan  and  also  an  index  of  housing 
conditions.  This  is  best  expressed  as  the  number  of  families 
housed  per  gross  acre,  including  the  street  area,  but  excluding 
parks  and  open  spaces.  In  any  particular  case,  the  greater  the 
number  of  families  housed  per  acre,  the  less  the  cost  per  unit. 
will  result  from  the  plan.  But  a  high  density,  brought  about 
by  crowding  a  large  number  of  families  on  small  lots  with  nar- 
row streets  and  lack  of  open  spaces,  is  poor  economy.  It  leads 
to  undesirable  living  conditions,  the  correction  or  prevention  of 
which  is  the  object  of  industrial  housing  and  a  necessity  of  our 
industrial  system. 

An  allotment  of  less  than  six  famil.  gross  acre,  unless 

the  topography  is  unusually  difficult,  or  an  especially  expensive 
development  Ls  planned,  will  generally  indicate  a  wasteful 
subdivision  of  the  land  and  a  lot  size  in  excess  of  ordinary  re- 
quirements. On  the  other  hand,  a  compactness  of  over  twelve 
families  per  gross  acre,  unless  some  are  h<>u>ed  in  rows  or  apart- 
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..  will  indicate  too  intensive  use  of  the  land  and  unfavorable 
condition*,  on  account  ,,f  insufficient  hgh».  air  and  open  space. 

Deii-itv  will  l«-  influenced  by  the  type  and  grouping  of  tin- 
h.  .tines,  the  width  of  the  street,  and  the  »pa<*  allow, 
yard,  back  yard,  and  between  houses,  row*  or  icn.itf*  <>f  l.mldinp. 
A  comparison  of  building  densities  will  u. 
only  in  a  general  way,  as  the  disposition  of  the  open  *pacc  pro- 
vided and  the  degree  in  \\hi.-h  ii  ,.  (J^ .f,,i  ,.  ;ut  important  ait  the 
•OMNmt      l>--ta  I.HOB,  placed  too  close  toiprt he r.mny  afford 

a  greater  amount  of  ..|N»n  spact*  than  row  homea,  but  the  aide 
yard  space  may  not  u-  u^-inl  in  adding  to  th<-  .  <>nvcnience  and 
in    providing    necessary    light    and  air,— in    fart    it    may    be 
mental. 

When  the  cost  of  hind  is  high.  th<>  numU-r  of  families  housed 
INT  arn>  must  U>  increased,  and  'hi-  ran  bent  be  done  l.y 
row  houses,  apartmento,  or  two  or  four-family  flat 
rath,  r  than  l.y  m. \\dini:  drtarh.Ml  or  srini -detached  houses 
upon  small  lote.  Gnmp  or  row  houses  may  freijuently  prc-' 

inenU  equally  as  attrarfiv  a.-<  ^ingh-  «.r  twin  houses,  as 
>ho\\n  ii: 

Residential  Districts. — Dimension*  of  Blocks. — The  shapi- 
dimensions  of  residential    M..,-ks   will   d.-j^-nd   partly  on   the 
inMiicnt-f  I'XiTtnl  l»y  to]N>gr:iphy  and  tnifl'u-  n-<|uin>nientif  upon 
street  locations  and  partly  upon  the  depth  which  is  best  sur 
»r  rv. mired  for  the  houses  and  yards.     It  is  therefore  essential. 
in  laying  out  streets  and  thus  fixing  the  shape,  length  and  depth 
of  the  Moeks.  that  they  \ye  located  in  such  manner  that  the  block 
in-  sut>divided   into  the   pn.jN-r  sise  lots  without  waste  of 
land.     Tnle-ss  there  is  an  ini|>ortant  reason,  such  as  allot n 
gardens  or  ;  -ids  in  the  interior  of  the  blc>. 

the    M..rk  should    IK*  that  required    l.y  the  normal  depth  of  the 
with  an  allowance  for  an  alley  or  easement. 

Tin-  pnn'-ipa!  <ln  <>r  length  of  the  block,  will  then  been 

tli«-  ni-t  nd.  if  advantage  of  t he  topography  is  taken,  the 

orablc  and  economic  locations  for  l»uildings  will  lie  afforded. 

In  this  way.  the  necessity  for  Imildingon  the  cross  street*,  which 

will  !H-  mxlesirahle  and  expensive  if  their  grades  are  cxceasiv*, 

will   IH-  avoided   and   the   roM    «,f   ufilifi.-    will   l«c   nM|t|ot|.      The 

•ut  of  Huckinan   Village  (see  Fig.  1)  is  a  good  example  of 
this  arrangement. 

length  of  the  Moek  will  be  determined  by  the  frequency 
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BLOCK     PLAN 

Fio.  1. — Plan  of  tho  Buckiuun   Yill.-im-   Project  of  tho  KmorRency  Fleet  Cor- 
poration at  <  •hirsMrr 
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which  cross  streets  must  be  located,  in  conformity  with  the 
traffic  or  topographical  requirements.  The  minimum  and  maxi- 
mum lengths  will  be  regulated  by  economical  nonsjjdori  lions  and 

.<it  of  convenience  of  access.  A  block  length  of  from  600 
to  800  feet  will  be  found  desirable,  when  topographic  eon- 
'.  If  the  blocks  are  shorter,  the  area  of  th.- 
land  taken  for  street  purposes,  and  hence  the  cost  of  lots,  will  »•• 
increased,  as  will  U  the  cost  of  street  improvement*  and  utility 
installations.  If  the  blocks  are  too  long,  access  from  one  main 
street  to  another  becomes  inconvenient  and  the  street  system 

til  in  one  of  its  main  requisites,  that  of  affording  reasonably 
good  and  convenient  access  to  and  from  the  houses. 

When  long  blocks  are  used  of  necessity,  as  in  hillside  locations, 
cross  streets  cannot  be  provided  at  sufficient  intervals  on 
account  of  topographical  difficulties  and  the  cost  of  improvements, 
the  si  may  in  part  be  relieved*  as  far  as  pedestrians  are 

enmvrned,  by  providing  (BOM  \\alk-    unh   t\ix '.>•>•  Q|  PSSfH   BjksVI 
iieerssary.  li-ading  acre.—  tin-  blork  {"p.m  QOS  ifaW  '    RQ  '•'••    '•"•'  ' 

An  example  of  this  solution  is  shown  in  the  plan  of  Lovelaod 
Farms,  Fig.  2. 

There  is  a  further  objection  to  abnormally  long  blocks,  in  that 
the  appearance  is  likely  to  become  monotonous,  particularly  if 
the  streets  are  straight,  and  the  houses  are  small  and  located 
close  to  the  street  line.  Cross  streets,  particularly  where  the 
intersections  are  carefully  planned,  both  with  regard  to  the 
streets  themselves  and  to  the  grouping  of  the  houses  at  the 
intersections,  add  interest  and  variety  and  hence  enhance  the 
attrartiv. -n« •->.  Tin>  will  be  observable  in  the  illustration  (see 

of  the  Yorkship  Village  project  built  by  the 
Fleet  Corporation  at  Camden,   N.  J.     Attractive 
obtained  by  j  ^  a  small  park  space  at  an  intersection  and 

by  efTertive  grouping  of  the  buildings  which  are  of  the  row  type. 

length  <>f  the  blork.  a>  wdl  as  the  Mso  and  shape  of  the 
lots,  should  be  a-.  <»  the  character  of  the  residential  dis- 

Where  the  building  density  is  low,  as  it  will  be  in  the 
r  class  residential  di«'ricts,  the  block  lengths  may  be  in- 
creased with  less  likelihood  of  congestion  and  inconvenience. 
<  ting  residence  areas  in  accordance  with  the  grades  of 
houses,  three  general  types  will  be  considered: 

(a)  The  more  expensive  detached  and  sand-detached  housss,  usu- 
ally occupied  by  the  salaried  employees  and  the  higher  paid  etiBsd 
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Fio.  2.— Plan  of  the  Loveland   Farms  Development    of   iho  Burkeyo  Land 
Company  (Yrmr-.rstown  Shfot  ,«   T>I!K-  Company)  at  Y«nuir-'"wii.  Ohio.  '" 
i:ic  the  «!••  '  "f  :<  hill.side  site  with  r-nntour  streets. 
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mechanic*  and  clerical  force,  which  will  generally  require  toper  lot* 
tli. in  the  other  type* 

(6)  Two  and  four-family  houses  and  the  better  daw  of  row  houses, 
where  the  requirements  of  tin-  j  r.-j-  •  M\C  occupant*  and  the  :. 
pated  returns  will  warrant  a  lot  somewhat  in  exeeas  of  the  minimum. 

(r )  How  and  group  house*,  where  compactne**  b  desirable,  in  order 
to  reduce  the  cost  of  land  and  improvement*. 

There  may  bo  a  fur  of  the  area  according  to 

the  proponed  •  «f  th«-  proptTty.     For  instance  it  may 

;nd  dt-iraM.-  ».-  gini;  .,-r  houses  to  be  sold,  aimilaHy 

those  to  be  rented  and  again  those  to  be  handled  upon  a  coopera- 
tive plan.  It  may  further  l>e  desirable  to  aggregate  hotels, 
boarding  houses  and  apartments. 

Re*  <>/*. — The  residential  lot  is  tin*  unit  of  the  town 

plan,  and  much  depends,  lx>th  as  to  the  effect iveness  of  bousing 
and  tin-  living  conditions  which  will  be  established,  upon  pro- 
viding building  lots  of  suitable  sise  and  shape.  Bad  bousing 
has  been  due  fr«jii<  ntly  to  wasteful  use  of  land  in  the  original 
Milnlivision  01  .-.  hi.-h  has  laid  a  heavy  burden  of 

u»d  cost  upon  tl 

If  the  lots  are  too  deep,  the  property  at  the  rear  is  watted  and 

there  is  a  natural  make  the  loU  narrow  and  to  fail 

io   sufficient  space   between   houses,  thus   preventing 

proper  living  conditions.     On  tin*  othrr  hand,  if  the  lots  are  of 

pth.  th<-  frontage  must  be  necessarily  increased, 

and  this,  as  will  be  h<  i.-nionst rated,  will  greatly  increase 

the  cost  of  strrrt  in  nid  utility  installation. 

Tii"  sire  and  proportions  of  the  lot  will  dc|>»-nd  ujxm  a  mi: 
of  factors  but  shoul-i  rtain   ininiiniim   conditions.     The 

il  !v«|uiiviiients  should  be  studied  and  decided  upon  lie- 
fore  tin  layout  is  made;  and  the  subdivision  of  the 
property  in  the  l>l<><-k  >li<mld  conform  thm-to  as  closely  as  to- 
pography and  oth.-r  factors  influencing  tin-  location  of  streets 
will  |M Tinit .  The  dimensions  will  be  affected  by  the  following: 

(a)  The  cost  of  land. 

(6)  Tl..-  t>  !H-  and  duncniuonfi  of  thr  hmix-.  the  location  of  the  boon 

mi  thr  l«>t,  and  the  gnuiping  of  thr  hoUMC  Ulu' 

(r)  Th.-  n-,,,,ir.-d  set-back  in  the  fr  he  distance  back  of  the 

houses,  to  answer  thr  requirement*  of  light,  air  and  open  space. 

(d)  The  required  clearance  between  the  sides  of  bouses  or  the  cods 
of  rows  of  houses. 
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(«)  Rear  yard  requirements  for  household  purposes,  for  kitchen 
gardens  and  for  garages. 

(/)  The  cost  of  street  improvements  and  utilities. 

(g)  The  cost  of  lot  improvements,  such  as  grading,  house  walks, 
planting,  fences  and  hedges. 

Cost  of  Land. — The  influence  of  the  cost  of  land  upon  the  size 
of  lot,  and  its  relation  to  the  housing  problem  has  hitherto  been 
mentioned,  and  attention  called  to  i  In-  relation  )>et  \\e<-n  the  gross 
and  the  net  saleable  acreage.  Even  where  land  in  acreage 
is  comparatively  cheap,  much  of  it  may  lx>  unsnitaMe  tW  Luild- 
ing,  on  account  of  soil  or  foundation  conditions,  or  by  reason  of 
topography.  After  deductions  have  been  made  for  the  sti 
area,  open  spaces,  and  for  special  purposes,  the  saleable  portion 
will  be  considerably  less  than  the  general  average  of  60  per  cent, 
of  the  gross  area.  This  condition  will  increase  the  cost  of  the 
usable  land. 

The  Sun  Village  development  of  the  Emergency  Fleet  Corpora- 
tion was  located  on  expensive  land  within  the  City  of  Chester 
and  adjoining  the  built-up  section.  Although  nearly  t  \\cnt  \-two 
families  were  housed  per  net  acre  of  block  area  (exclusive  of  all 
streets  and  open  spaces  and  undeveloped  territory  included  with 
the  tract),  the  number  of  families  housed  per  gross  area  of  the 
developed  tract  was  about  twelve  families  per  acre.  About 
86  per  cent,  of  the  dwellings  were  of  the  row  type,  the  balance 
being  semi-detached  houses.  Although  the  individual  lots 
generally  have  20  feet  frontage  and  75  feet  depth,  or  an  area  of 
about  1500  square  feet,  the  actual  average  area  of  the  lots,  due 
to  loss  of  land  chiefly  on  account  of  topographical  reasons,  is  in 
excess  of  2,000  square  feet.  It  is  evident,  therefore,  that 
topographical  features  frequently  render  it  impossible  to  develop 
the  building  intensity  of  the  standard  block. 

Where  land  values  are  high,  the  type  and  dimensions  of  the 
house  will  necessarily  have  to  be  subordinated  to  the  economic 
size  and  dimensions  of  the  lot.  This  will  ordinarily  lead  to  the 
adoption  of  row  houses  built  on  comparatively  shallow  lots.  The 
appearance  of  overcrowding  will  be  avoided  by  providing  streets 
of  ample  width,  and  by  allowing  a  moderate  set-back  from  the 
street  line  to  the  house  front . 

The  effects  of  the  size  of  the  lot  on  saleability  must  fully  be 
taken  into  account.  Preferences  and  iv<jiim -im -nts  in  regard  to 
size  of  lots  vary  widely,  and  are  largely  dependent  on  local  custom 
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and  the  habit*  of  different  •  :  i  ••  If  tho  lotn  aro  smaller  than 
the  usual  custom  of  th.  1  ...  of  the  improved 

property  may  not  !*•  n-aliiod.  The  sise  of  thr  l.,t  HUM  therefore 
be  adjusted  to  conform  to  the  purchasing  power 'and  the  pre- 
ferences of  tho  people  for  whom  homo*  are  built . 

Requirement*  of  Hou*e. — The  type  and  character  of  the  house, 

.•lumber,  sise  and  arrangement  of  the  rooms, 

will  to  a  groat  extent  determine  the  sise  and  proportions  of  the 

Those  must  U-  fixed  to  meet  the  requirement*  of  frontage 

and  depth  of  the  hmldinu  in  Midi  manner  as  to  provide  sufficient 

open  spaces  about  the  hmlding. 

Row  dwellings  will  require  from  16  to  20  feet,  semj-JeUehed 
dwellings  25  feet  and  detached  dwelling*  from  25  to 

90  feet  of  house  frontage. 

Requirement*  of  Light,  Air  and  Acre**. — Reasonably  good  hous- 
ing standards  command  the  observance  of  the  following  minimum 
requirements: 

The  area  of  the  I<»t  in  n<>  <  \.  nt  should  be  less  than  1,000 square 
feet,  and  should  •  ly  bo  at  least  1,500  square  feet.  The 

distance  between  houses  should  not  be  less  than  16  feet  for  ti 
story  dwellings,  and  H  rahle  to  make  the  side  yard 

at  least  20  feet.  For  hi^h.-r  buildings,  this  distance  should  be 
proportionally  ->int:  minimum  upacings 

would  apply  also  to  the  distance  between  the  ends  of  row  bouses, 
although  20  or  25  fee  ral>le  in  such  cases. 

The  distance  between  fronts  of  houses  should  not  be  less  than 
50  feet,  and  60  feet  is  preferable.  There  should  be  a  space  in  the 
rear  of  at  least  50  feet  between  houses.  The  foregoing  distances 
should  be  increased  if  tin  d writings  are  to  be  of  more  than  two 
stories.  If  garages  be  used  the  depth  of  rear  yards  should  be 
not  less  than  35  to  40  feet.  A  set-back  f r.  >m  t  he  street  line  to  the 
fronts  of  the  houses  of.  10  to  20  feet  is  generally  desirable,  as  it 
increases  tho  distance  between  the  front-  of  the  houses,  affords 
room  for  porches,  adds  to  privacy  and  provides  desirable  open 
space. 

Average  practice  in  planning  industrial  residential  develop- 
is   in    th.  »tely  shallow  lot*;  street 

widths  of  50  feet,  set-baek  ninging  from  10  t<>  with  the 

minor  orou  streets  40  f«vt  in  width.  With  20-foot  front*.  thi« 
will  nil,.*  i  I. nil. ling  density  of  about  12  families  per  grow  arr*t 
the  street  and  sidewalk  area,  but  not  including  allow- 
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ancofi  for  parks  or  special  purposes.  If  further  economy  in  the 
Use  of  land  is  necessary,  it  should  he  ohl.ained  by  decreasing  the 
frontage  or  by  building  i.wo-f.-iinily  or  four-family  flats. 

In  determining  the  amount  of  set-l>a''k.  the  width  of  tho  street 
and  that  of  the  planting  space  in  the  street  area  should  be  taken 
into  account.  Where  the  houses  are  to  be  rented  and  the 
manners  and  customs  of  the  prospective  tenant  do  not  warrant 
the  expectations  that  they  will  maintain  attractive  yards,  OOH- 
sideration  should  be  given  to  increasing  the  plant  ing  space  in 
the  streets,  and  decreasing  the  set-l.M.-k  to  the  minimum  re- 
quired for  the  front  porch.  By  this  means  control  over  street 
appearance  may  be  maintained. 

Lot  Improvements. — The  various  items  required  in  the  improve- 
ment of  the  lot,  including  grading,  seeding,  planting  and  fences 
or  hedges,  are  all  related  to  the  size  of  the  lot.  The  cost  of  lot, 
improvements  will  be  high  where  the  topography  is  broken. 
and  considerable  grading  is  required,  especially  where  slopes 
must  be  terraced,  retaining  walls  built,  or  filling  of  low  land 
is  required. 

Under  some  conditions  the  aggregate  cost  of  these  items  may 
well  have  an  influence  on  the  size  of  the  lots  to  be  provided.  A 
decision  must  also  be  reached  regarding  the  provision  01 
yard  gardens  or  allotment  gardens.  Where  kitchen  gardens  are 
provided,  they  should  be  of  moderate  size  and  may  range  from 
500  to  1000  square  feet  in  area,  unless  the  land  is  unusually 
steep  or  cannot  be  used  to  advantage  for  more  essential  purposes. 

Manufacturing  Districts. — The  manufacturing  or  industrial 
district  will  be  located  on  the  most  level  ground  available  and  in 
proximity  to  the  existing  or  projected  railroad  and  transportation 
lines.  Where  there  is  latitude  in  choice,  consideration  should 
be  given  to  the  direction  of  the  prevailing  winds,  in  order  to 
minimize  the  smoke  nuisance.  Such  districts  may  in  certain 
cases,  be  divided  or  zoned  into  light  and  heavy  manufacturing; 
objectionable  trades  or  industries  being  thus  restricted  to  certain 
areas. 

While  a  definite  separation  is  desired  between  the  residential 
and  the  industrial  or  manufacturing  districts,  this  result  should 
not  be  obtained  at  the  expense  of  convenience  of  access  to  and 
from  the  homes  of  the  workmen.  A  watercourse,  a  wooded  park. 
eial  street,  a  railroad,  or  other  feature  of  the  plan  may  form 
the  line  of  separation. 
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In  planning  tin-  vilhp-  .,i  East  Valley  Forge  (See  Pig.  4)  a 

30-foot  drive  was  provided  along  the  boundary  of  the  an-a  «*t 

•aide  for  manufacturing  purimses.    This  street  baa  a  aid* 

on  hut  one  aide,  and  the  adjoining  property  ia  ao  subdivided 

only  tho  rear  yarda  of  dwelling*  front  thcrran.    The  plan 

of  th«-  town  of  ojil.way  pn.vid.-  j..i  a  business  atreet  one  hun- 

vet  in  width  separating  the  steel  plant  from  the  town  (see 

litrge  communities,  it  may  bo  necessary  to  aone  or  sub- 
«li\  i-ln  the  commercial  area  into  wholesale  and  retail,  or  ware- 
house and  siiuill  store  di»t  • 

Commercial  Districts.—  Tho  commercial  or  business  district 

will  ordinarily  be  located  with  reference  first  to  the  projected 
system  of  art.  <»ts;  second,  toacce**il>iiit  >  to  the  residen- 

tial   '.  and  third,  to  the  movement  of    traffic,    from    the 

inaiiufact  urim:  pla.,'s,  and  adjoining  communities.  JDue  regard 
must  aUo  U-  niven  to  i  he  to|M.L'r::p!.y.  uhi.h  aiT.-«-t*  M,.-  psjdsj 
of  streets,  and  the  cost  of  t  of  l.uildings.  Where 

railroad  sidings  can  be  hn-atcd  within  easy  liauliiiK  distance  of 
the  comm.  T.-ial  *iiM!i<-t.  the  cost  of  liandlin^  merchandise  will 
be  a  minimum.  It  inav  ,  -v«-n  U-  fr:kriiblcf  if  grade  Trnsings 
and  int.  rtrrcnce  with  tho  ^t  •  ^tnii  ran  IKS  avoided,  to 

locate  a  sidin-j  <iin-.-t!\    .  -r  of  the  business  properties, 

and  thus  rliminatc  truck  haulim:  «-ntin-ly. 

r«-<|ii!iv.l  an-a  for  the  commercial  district  can  be  approxi- 
mated on  the  assumption  that  aUxit  on<-  acre  will  be  rctj 

i  business  purposes  for  each  2500  inhabitant*.    The 
Icimth  of  the  bl«»rk  in  tho  conuni-r  -<ild  generally 

be  shorter  than  that  re<-ommended  for  nviclcntial  hl<N-k>.  In 
>u«-h  a  Mock  length  of  alxmt  40()  f«-et  will  generally  U- 

found    to    l«   sat  .     Short    Mocks    will    pn.\  id. 

facilities  for  traffic  anil  decrease  the  tin-  risk.  The  additional 
cost  will  U*  in  part  covered  )>>  •  -used  value  of  corner 

l»u-in<  •>«.  |>iirposes.     Where  there  is  to  lie  a  eon- 

it  ion  of  large  business  estaMi-hm.  -nt  >  m  the  M.n-k.  the  depth 
of  the  lots  sliould  be  such  as  to  make  ample  provision  for  a 

*•  court  in  the  rear  of  the  buildings,  in  order  to  relieve  con- 
gestion on  th. 

In  miii'  -he  community  or  <i  vie  center  and  tho 

MSI  district  may  be  merged,  as  has  often  oecured  m 
communities,  where  the  joint  country  store  and  the  post 
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have  formed  tin-  nucleus  of  the  growing  business  and  public  social 
life  of  the  residents.  In  larger  (owns,  a  nmiv  inii'ivsting  and 
attractive  plan  can  he  tlevel<>|MMl  by  sepann  iim  ll  Lures, 

but  in  such  cases  they  should  be  located  with  relation  to  each 
other,  and  connected  by  adequate  streets. 

As  the  development  of  the  business  section  will  preferably  and 
generally  be  left  in  the  hands  of  individuals,  it  will  follow,  rat.ln-r 
than  be  contemporaneous  with  the  development  of  the  remainder 
of  the  town.  It  will  be  both  advantageous  and  possible  for  the 
management  of  the  town  to  arrange  for  the  use  of  certain  prop- 
erty, subject  to  restrictions  regarding  the  archite.-t.ural  appear- 
ance  of  the  buildings.  Furthermore,  it,  will  generally  be  good 
business  to  erect  some  store  build  in  us,  possibly  in  conjunction 
wit.h  apartments,  for  rental,  with  the  plan  of  later  selling  the 
properties  after  the  business  concerns  have  become  established* 
In  such  ways  the  development  of  the  town  can  be,  in  a  measure, 

TABLE.  9. — LIST  <»  ND  NUMBER  OF  Bi> 

Avi.u  \<,i;   (  Sow  Mi  MTV 


Kin-l  of  i;nt.  rpri.sc 


Number 


Bakeries 

Barber  shops 


Boot  &  shoe  stores                                                            2 

Bowling  alleys ...  1 

Butcher  market ...  4 

Button  &  creamery  stores ...  1 

Drug  stores ...  2 

Fruit  stands 2 

Garages  (public) ....  4 

General  stores  (groceries  &  dry  good; s) .  ...  2 

Haberdasheries ...  2 

Hardware  stores 1 

Hotels ....  2 

Ice  cream  and  confectionery  itorai  . . . r  2 

Laundries ...  2 

Milliners ...  2 

Printing  establishment-  ...  2 

Refrigerating  plant  ...  1 

Restaurants. . .  ...  6 

Shoe  repair  shops. .  ...  4 

Stationery  stores. ...  ...  1 

Tailor  shops..  2 

Undertaking  establishments                                              2 
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ollod,  and  at  tlio  Hiuno  time  progress  in  such  a  way  thai 
Mldmn-  will  IMS  adapted  to  cnlumoe  the  appearance  of  the 
ultimate  arrang< 

Th«-  unmix -r  ami  variety  of  enterprises,  which  will  be  required 
in  any  community  will  vary  through  a  wide  range,  and  "ill 
depend  to  a  great  extent  upon  the  comparative  iaolation  of  the 
town,  and  its  dependence  on  larger  nearby  communities.  The 
preceding  table  gives  a  li*t  of  tin-  kind  and  probable  number  of 
business  <n'.r  prises  that  may  well  be  required  in  an 

averani- CMmmumi\  «•!"   HMMM)   |,,,|,|.     MMBmf   ",.  •.'    •?..    •...-.-    .• 

comparatively  isolated  and  mhahitah -d  I ,y  people  of  average  pur- 
chasing power.  S  -In-  e  nt  erprises,  as  bakeries  and  groeery 
stores,  may  frequently  be  combined  in  the 


Civic  Center.— In  order  that  the  town  may  have  a 

•  nient  and  appropriate  center  for  its  piil>lir  activities,  it 
will  usually  U>  found  desirable,  unless  the  town  is  exceptionally 
to  group  public  and  semi-public  buildings  together.  The 
elements  of  this  group  may  well  include  town  hall,  post  office, 
central  school,  library,  theatre  or  public  hall,  churches,  hotels 
and  community  club  buildings.  By  assembling  these  building* 
together,  or  wn -h  of  th.-m  :i>  it  is  necessary  to  provide,  better 
architectural  treatment  can  be  given,  particularly  where  a  suit- 
able site  is  available.  Th  grouping  and  architecture 
of  the  public  and  semi-public  buildings  will  often  largely  be  the 
measure  of  the  interest)  attractiveness  and  convenience  of  the 
plan. 

Where  a  complete  and  independent  town  is  to  be  developed, 
the  civic  center  may  well  be  separated  from  the  general  commer- 
cial or  store  district.  However,  convenience  may  require  the 
nearby  location  of  small  stores  or  restaurants  to  take  care  of  the 
n. •!-(,!, «,, -hood  and  family  demands.  The  predominating 
uisites  of  the  comnx-n  ia I  di-t rid—utility  and 
are  somewhat  different  from  those  of  the  rivic 
ness,  beauty  and  convenience — and  it  will  therefore  be  found 
ult  to  combine  the  two. 

should  be  reasonably  convenient  to  most  of 
the  residential  subdivision*  and  to  the  main  thoroughfare  of  the 
town.  The  requirements  of  traffic,  particularly  directness,  are 
not  so  important  that  they  cannot  be  8uhordinaU>d  to  a  rmoo 
able  extmt.  in  order  that  the  natural  features  of  the  site  may  be 
made  available  in  locating  and  laying  out  the  center.  A  park- 
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way,  however,  located  and  planned  for  pleasure  traffic,  may  be 
used  in  connection  with  the  civic  center,  and  the  latter  made  one 
of  the  prominent,  dominating  features  of  a  formally  organ i/ed 
plan.  If  duo  regard  be  paid  to  the  topographical  require- 
ments, effective  landscape  and  architectural  features  may  be 
obtained. 

It  is  not  necessary,  and  generally  not  advisable  to  locate  a  ma  in 
artery,  particularly  where  it  carries  heavy  commercial  traffic, 
passing  through  a  civic  or  community  center.  Frequently  i In- 
civic  center  is  developed  about  a  park  or  plaza,  the  open  space 
affording  the  necessary  distance,  so  desirable  for  interesting  and 
attractive  views.  It  may  be  advantageous,  where  the  buildings 
of  the  civic  center  group  arc  located  about  a  square  or  open 
space,  to  utilize  a  main  thoroughfare  as  one  of  the  sides  of  the 
square,  or  to  provide  a  broad  avenue  leading  from  the  square  to 
the  main  thoroughfare. 

The  civic  center  should  be  planned  on  generous  lines,  even 
though  not  completely  developed  immediately,  and  the  plans 
should  provide  for  the  requirements  of  the  future  as  to  the  size, 
character,  and  architectural  treatment  of  the  necessary  buildings. 

Parks  and  Parkways.— Well  designed  parks  are  essen- 
tial to  the  town  plan.  They  provide  places  of  recreation; 
contribute  to  the  beautification  of  the  town;  improve  living 
conditions,  by  affording  light,  air  and  open  space,  and  furnish 
interesting  drives  for  pleasure  travel.  The  cost  of  land  devoted 
to  parks  will  often  to  a  great  extent  be  met  by  the  increased 
valuation  of  the  adjoining  residential  property.  If  a  park  system 
is  definitely  planned  and  the  properties  required  are  reserved, 
prior  to  the  development  of  the  surrounding  territory,  the  cost 
will  be  moderate  and  desirable  results  may  be  obtained  by 
selecting  land  properly  located  with  regard  to  the  highway 
system.  Parks  must  be  accessible  to  the  people,  or  they  will 
not  be  used,  and  the  park  system  should  therefore  be  planned 
with  proper  relation  to  the  highway  system. 

For  the  present  purpose,  two  types  of  parks  will  be  discussed. 
The  first  type  consists  of  urban  parks  of  relatively  small  area, 
located  within  the  developed  parts  of  the  town,  and  generally 
planned  in  a  formal  manner  and  highly  improved.  The  second 
type  consists  of  natural  parks,  generally  located  on  the  outskirts 
of  the  town,  with  improvements  chiefly  to  provide  access  and  to 
develop  natural  beauty  and  scenic  features. 
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Area  Required. — The  amount  of  area  devoted  to  parks  will 
depend  upon  the  cost  of  the  land  and  the  character  of  the  resi- 
ts they  are  to  serve.  Where  row  houses  on  com- 
paratively small  lots  predominate,  there  should  be  liberal 
provision  for  urban  parks,  in  order  to  provide  the  necessary  open 
space.  Congestion  demands  parks  as  a  necessity  rather  than 
primarily  as  a  means  of  beautificat 

In  n  «id<  ntial  districts  of  the  most  expensive  type,  parks  are 
added  for  the  purpose  of  beautification  and  increasing  the 
attractiveness  of  the  district.  \-  -  «.ft«-n  it  is  preferabl* 
only  as  an  economy  of  construction  and  maintenance,  but  also 
as  a  desirable  effect  secured,  to  reduce  the  width  of  the  streets 
and  depth  of  lots  and  combine  the  land  area  saved  into  small 
park  areas. 

An  analysis  of  the  areas  in  the  villages,  planned  by  the  Fleet 
Corporation  and  the  I  iiited  States  Housing  Corporation  indi- 
cates 13  i  and  10  per  cent,  respectively,  of  the  developed 
area,  dedicated  to  school,  recreational  and  community  purposes. 

The  areas  set  aside  for  parks  and  other  open  spaces  should 
range  from  5  to  10  per  cent,  of  the  total  area.  This  includes 
small  parks  at  street  intersections  and  the  civic  center. 

The  necessity  for  the  more  exten>  tral  parks,  lying 

beyond  the  built-up  district*,  depends  very  largely  upon  the 
sire  and  character  of  th<>  de\vl..pinent  and  the  cost  and  avail- 
ability of  land.  They  are  not  to  be  regarded  as  so  essential  to 
good  living  or  the  well  being  of  the  community,  as  urban  parks, 
njH-n  spaces  and  playgrounds  but  they  are  highly  desirable  as 
they  supj'  u--h  features  and  h-  !p  to  make  the  town  more 

attractive  and  increase  the  feeling  of  contentment  and  attach- 
ment of  the  residents  to  the  town  and  promote  health,  comfort 
and  pleasure  of  the  people.  It  is  <>nt»  of  the  ways  of  giving  char- 
and  individuality  to  a  town,  without  which  it  may  be 
simply  a  monotonous  place  in  which  to  live.  Provided  road- 
ways be  constructed  to  make  the  park  accessible,  rough  and 
broken  topography,  that  would  be  unsuitable  for  building  pur- 
poses, may  be  utilized  to  advantage  for  such  natural  parka. 

Location. — It   will  generally  be  advantageous,  to  industrial 
communities,  to  have  a  number  of  small  urban  parks 
accessible  to  various  parts  of  the  town,  rather  than 
\\  hile  tin*  latter  may  U>  more  pretentious  and 
ceptible  of  improvement,  it  will   not  properly  serve  the 
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of  the  residents.  Natural  parks,  on  the  oilier  hand,  should  he  of 
comparatively  large  area  in  one  unit.  Otherwise  the  appearance 
of  natural  beauty  cannot.  !><•  earned  out-. 

The    completely    developed    plan    will    ordinarily    include    the 

following: 

A  parked  area  in  connection  with,  and  as  p:irl  of,  the  civic  m 
niiiiiiiunity  center; 

A  small    park   or   square    in    connection   with    the    commercial     or 
business  district;  such   parks,  to  he  developed   primarily  to  relieve 
u'ostion  and  to  provide  a  breathing  space  in  the  husy  section  of 
the  town; 

A  park  area  adjoining  the  industrial  plant,  providing  land  is 
available,  in  order  to  afford  convenient  .-eparation  hetween  the  town 
and  the  plant  and  for  the  use  of  the  employees  during  the  lunch 
hour;  parks  of  this  kind  are  frequently  placed  under  the  direction 
and  control  of  the  plant  management; 

Local  parks  in  the  various  residential  districts,  placed  with  reference 
to  the  main  street  system  and  the  convenience  of  the  residents; 

Small  park  areas  at  street  intersections,  as  elements  of  the  land- 
scape treatment  and  to  form  islands  for  the  regulation  and  diver-ion 
of  the  flow  of  traffic; 

Parkways  and  boulevards,  which  include  wide  and  specially  de- 
signed streets,  with  park  areas  either  at  each  side  or  in  the  center, 
or  both.  These  will  form  an  integral  part  of  the  main  highway  sys- 
tem and  frequently  connect  the  park  or  plaza  of  the  civic  center  and 
some  of  the  playgrounds  with  a  larger  park  area  or  other  important 
and  prominent  points  of  interest. 

The  reservation  of  strips  of  land  along  ravines  and  rivers  and 
of  low-lying  land  along  small  watercourses  for  park  pin  -poses 
will  often  utilize  property  that  is  unsuitable  or  expensive  for 
building  purposes,  and,  at  the  same  time  serve,  after  develop- 
ment, as  a  natural  beauty  spot  for  recreation  and  public  use. 
High  ground,  particularly  if  it  overlooks  a  lake  or  river  or  affords 
a  far-reaching  view  of  the  surrounding  territory,  will  add  much 
to  the  attractiveness  and  the  charm  of  the  park.  Good  examples 
of  the  foregoing  are  the  reservation  of  the  bottom  land  for  park 
purposes  in  the  Buckman  Development  at  Chester.  Pa.,  and  the 
setting  aside  of  a  grove  of  trees  on  a  Muff  over  looking  the  Piscata- 
qua  River,  in  Portsmouth  Development,  both  of  the  Emergency 
Fleet  Corporation  (Fig.  1  and  5). 
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Improvement*. — Improvement  of  small  parks  in  the  interior  of  * 
development  ahouM  U:  undertaken  at  the  time  the  houses  are 
erected,  in  order  that 


Pro.  5.—  Plan  of  the.  Atlantic  Het«hu  Project  of  tho  Rinirsiaiqr  FltM  Oor- 
pormlion  at  PorUmnuth.   N     II.     Tho  MM  beiwvM  the  Pbr»UM|oa 
tbo  rilUfv  b  M«arv»d  for  park 


and  relieve  the  feeling  of  ncwnen  and  incompfetonm  thmt 
detracts  from  the  appearance  of  a  recently  built  town.  A  natural 
park  may  with  advantage  be  develop!  gradually 

drives  and  walks  through  park*  in  the  built-up  arras  of  the 
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town  should  be  laid  out,  not  with  i  hr  idea  of  having  a  symmetrical 
and  interesting  plan  on  paper,  as  is  so  often  the  case;  but  in  such 
manner  as  will  best  serve  convenience  of  traflic.  necessary  in 
parks  adjoining  the  business  center  and  in  the  smaller  parks  laid 
out  in  connection  with  the  arterial  street  system.  Curved  walks 
should  be  avoided  when  their  use  may  lead  to  the  inconvenience 
and  annoyance  of  the  busy  pedestrian;  curvature  should  t  herefore 
be  used  with  moderation  unless  there  is  clear  necessity  by 
reason  of  topography. 

The  drives  in  natural  parks  will  be  used  largely  for  pleasure 
traffic,  and  directness,  grade  and  alignment,  while  they  should 
be  kept  within  reasonable  limits,  may  be  subordinated  to  the 
requirements  of  topography,  economy  of  development,  or  scenic 
beauty.  In  developing  such  larger  parks,  it  is  desirable  that 
separate  ways  be  provided  for  vehicle  and  pedestrian  travel. 
Care  should  be  exercised  to  obviate  the  possibility  of  accident, 
particularly  in  providing  clear  views  at  points  where  pedestrian 
and  vehicle  travel  cross.  Walks  and  paths  should  be  laid  out  so 
that  the  public  may  reach  various  points  of  interest  by  following 
attractive  and  interesting  routes  of  natural  beauty. 

Playgrounds. — The  necessity  for  public  playgrounds,  is  no 
longer  a  question — the  movement  has  passed  beyond  the  experi- 
mental stage.  As  evidence  of  their  extensive  adoption,  it  was 
reported  that  in  the  summer  of  1917,  52  cities  had  established 
playground  work,  this  being  an  increase  of  21  per  cent,  over  the 
number  that  had  done  so  the  previous  year.  There  is  further 
a  tendency  to  adopt  year-around  operation,  with  a  permanently 
employed  supervising  force.  During  the  year  ending  November, 
1917,  481  cities  reported  a  total  of  3,944  playgrounds  and  neigh- 
borhood recreation  centers,  which  were  operated  by  regularly 
employed  supervisors  and  teachers.  The  method  of  control 
varied,  about  60  per  cent,  being  operated  by  the  municipality, 
and  the  balance  by  private  and  civic  associations. 

Location  and  Area. — Playgrounds  should  be  located  so  that 
children  can  reach  them  with  a  walk  of  not  more  than  one-half 
mile.  Small  open  spaces,  perhaps  in  the  interior  of  the  block, 
should  be  provided  for  the  very  small  children.  Playgrounds 
should  be  provided  at  all  schoolhouses,  particularly  for  the  pri- 
mary grades,  and  should  be  serviceable  not  only  during  the 
school  hours  but  also  at  other  periods.  Particular  care  should 
be  taken  in  locating  playgrounds,  not  only  that  they  be  readily 
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dangerous  street  and  railroad  croosingi  be  avoided  in  reaching 
them. 

The  study  of  the  playgrounds  of  41  cities,  ranging  from  60,000 

700fOOO  inhabitant*,  indicates  a  present  average  provision 

of  one  acre  of  playground  for  every  4,000  people.     It  is  considered 

good  practice  to  allow  at  least  two  acres  of  playground  for  every 

1,000  children. 

Improvement*. — The  playground  area  should  be  graded,  to 
«le  good  drainage  and  to  permit  full  opportunity  for  play 
and  games.    Experience  in  eon.-inirtion.  indicates  that  the  best 
general  plan  of  grading  w  to  provide  a  ground  slope  from  a  < . 

th  a  grade  of  alx.ut  I  in.-h,-,  {M  r  100  feet.  Wading 
pools  and  sandboxes  should  be  located  so  that  the  ground  will 
drain  away  from  tli.-in  in  every  direction. 

If  the  area  is  sufficient  to  avoid  concentration  in  piny,  the 
o  may  be  in  lawn.  A  gravel  surface  will  also  be  found  desir- 
for  some  areas;  tan  bark — a  layer  about  two  inches  in 
at  times  been  used  and  found  satisfactory,  but 
requires  replacement  every  two  years.  The  play  ground  should 
be  fenced,  for  \\hi.-i,  purpose  wire  fencing,  with  substantial  pipe 
or  wooden  posts,  is  recommended.  The  appearance  may  bo 
improved  by  planting  a  hedge  just  inside  the  fence.  In  addition 
to  the  regular  playground  apparatus,  trees,  shrubbery,  benches, 
fountains,  comfort  stations  and  trash  receptacles  should  be 

Apparatus  should  be  arranged  at  one  end  of  the  grounds  or 
about  the  edges,  to  provide  the  largest  possible  space  for  un- 
hampered play.  It  is  also  well  to  provide  for  segregation  of 
rhiMren  by  ages.  There  should  be  a  periodic  and  responsible  in- 
ion  of  the  equipment  and  apparatus  at  frequent  intervals 
in  order  to  avoid  the  possibility  of  accident. 

Athletic  FieMf.— Athletic  fields,  with  facilities  for  baseball, 

football,  tennis  and  other  outdoor  sport*,  are  essential  for  the 

•  •N'T  boys  and  men.     Plans  for  large  industrial  developments 

illy  make  adequate  provision  for  such  requirement*.     It  w 

found  to  be  an  important  factor  in  building  up  community  spirit 

and  the  feeling  of  attachment  by  the  residents  for  the  town. 

How  far  and  to  what  extent   the  improvement*  and  facilities 

should  be  carried  by  the  builder  of  the  project  or  left  to  the 

t  ive  of  the  community  is  a  question.    Interest  may  possibly 
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be  stimulated  by  active  par!  i<-ip;il  inn  in  providing  the  facilities, 
but  in  any  event  it  will  be  necessary  to  reserve  a  suitable  .ma 
in  the  original  plans  and  to  do  the  preliminary  work  of  grading 
and  drainage. 

While  not  absolutely  necessary,  a  reereatinn  building  or  club- 
house, provided  with  showei>.  locker-  and  uymna>ium  apparatus, 
will  be  found  highly  desirable;  particularly  if  t.he  town  is  of  suffi- 
cient size,  as  to  warrant  the  expenditure.  Such  a  feature  can  be 
made  self-sustaining  if  properly  managed  and  community  intend 
is  aroused. 

The  location  of  the  athletic  field  must,  of  necessity,  be  largely 
dictated  by  topography,  as  approximately  level  ground  is 
necessary.  While  it  should  be  convenient  to  the  town,  its 
removal,  within  reasonable  walking  distance,  will  not  be  particu- 
larly objectionable,  if  adjacent  to  a  good  highway. 

Cemeteries. — The  reservation  of  a  suitable  area  of  land  for 
development  as  a  cemetery  will  be  necessary  where  the  housing 
development  is  separated  from  other  communities.  Its  develop- 
ment may  generally  be  left  to  the  control  of  the  community, 
particularly  that  of  the  churches,  but  land  should  be  reserved 
for  the  purpose.  An  attractive  site  is  desirable  and  the  appear- 
ance and  plan  of  improvement  should,  as  nearly  as  possible, 
resemble  those  of  a  park.  Places  of  natural  beauty,  and  groves 
of  trees  should  not  be  unnecessarily  disturbed. 

Cemeteries  should  be  separated  from,  and  preferably  not  in 
view  of,  the  residential  district.  Topographical  features  or 
distance  may  be  utilized,  and  nearby  sites,  if  chosen,  may  be 
screened  by  appropriate  fencing  and  hedge  planting. 

Location  should  be  carefully  chosen.  Marshes,  swampy 
ground,  or  areas  of  high  ground  water  level  are  unsuitable; 
nor  should  the  cemetery  be  located  on  ground  from  which  drain- 
age will  pass  into  water  courses  which  may  be  incidentally  used 
without  filtering  for  drinking  water. 

The  size  of  the  cemetery  can  be  estimated  from  the  anticipated 
population  and  the  average  annual  death  rate,  the  general 
average  being  about  20  deaths  per  annum  per  thousand  popula- 
tion. The  area  should  not  be  entirely  laid  out  for  graves,  as  a 
portion  should  be  developed  for  park  purposes.  Cemeteries 
should  be  carefully  planned  and  laid  out,  with  location  of  drives, 
lots  and  areas  for  individual  graves,  fully  designated  to  enable 
the  keeping  of  proper  .records. 
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Surface  drainage  should   U-   p- 

Careful  invent  1. 1  tie  made  regarding  «oil  and  subdrain- 

age  com  lit  inn-  and  *ul.di  ains  of  I  -me  or  pipe  should  be 

constructed  in  order  to  prevent  aeepage  to  adjoining 

The  development  of  a  oemet<  ry  will  n>< -lud<-  driveways, 
at.iv  on  grades  not  exceeding  six  per  cent.,  surfaced  with  material 
or  liLrht  traffic.     Aw  .  system  following 

the  drives  will  also  be  required  to  furnish  a  supply  for  the  sprink- 
ling of  roads,  lawns  and  planting 

THE  STREET  SYSTEM 

The  function  of  tin    streets  is:  (1)  to  provide  for  through 

traffic  from   the  town  to  adjoining  communities  and  center*; 

o  take  care  of  and  facilitate  inter-communication;  (3)  to 

afford  access  to  the  I  mi  Mings;  and  (4)  to  provide  subdivision 

of  the  property  into  blocks      Those  are  the  primary  uses,  but 

also  serve  to  afford  li^ht  and  air  to  the  t>mldings  fronting 

<>nt  contribute   to  ..  ness  and  order  and    provide 

locations  for  the  various  systems  of  utilities. 

street  system  should  then-fore  serve  a  number  of  uses  and 
requirements,  which  will  influence  its  design  in  proportion  to 
their  relative  value  and  necessities.  The  classification  of  kinds 
and  importance  of  various  streets  and  thoroughfares  will  t*> 
presented  later,  after  considering  methods  and  types  of  street 

i  its. 

Types  of  Street  Systems. — For  ready  ••  and  comparison, 

a    classification    of    street    systems    is    convenient.     Various 

types  of  street  systems  have  been  devised  to  answer  different 

requirements  and  conditions,  and  very  often  their  use,  particularly 

he  rectangular  system,  has  been  perpetuated  largely 

oson  of  con  >•  and  simplicity,  and  as  a  matter  of 

h.-tl'it.     The  predominating  influence  leading  to  the  adoption 

of  some  systems,  has  been  that  of  convenient  subdivision  of 

projxTty,  in  others,  the  :  .-nts  of  traffic,  or  economy  of 

construction  has  governed. 

Rectangular  or  (Iri<tir<m.     With  a  few  notable  exceptions  the 
rectangular,  or  gridiron  street  system  has  been  generally  u- 
the  development  of  American  citi*>s.     It  is  composed  of  streets 
located  parallel  and  at   rinht  angles  to  each  other,  or  npproxi- 

i   when  i  nodi  lirat  imw  or  deviations  are 
by  topography,  or  by  natural  or  artificial  barriers. 


si)  /.\  /> 

Its  natural  and  great  advantage  is  thai  of  simplicity  and  OK  hi, 
particularly  where  topographical  features  are  not  prominent, 
and  the  resulting  convenience  and  simplicity  of  block  subdivi- 
sion. The  rectangular  blocks  can  easily  be  divided  into  rec- 
tangular building  lots,  and  the  surveying,  recording  and  descript  ion 
of  properly  is  rendered  inexpensive  and  simple. 

As  affording  a  system  of  arterial  streets,  this  type  is  almost 
universally  open  to  serious  objections  and  disadvantages. 
Through  traffic  cannot  adequately  be  provided  for,  nor  controlled, 
and  inter-communication  between  districts  is  necessarily  re- 
stricted, and  made  more  or  less  indirect.  Traffic  cannot  be 
diverted  from  the  residential  streets  and  will  often  use  as  thor- 
oughfares, streets  not  designed  or  intended  for  such  purpose. 
The  introduction  of  occasional  main  or  secondary  diagonal 
arterial  thoroughfares,  while  it  may  minimize  in  some  respects 
these  disadvantages,  does  not  remove  some  of  the  inherent  objec- 
tions to  this  type. 

There  is  a  further  great  objection  and  inherent  disadvantage 
of  the  rectangular  street  system  in  that,  unless  the  topography 
be  uniform  and  fairly  level,  the  extent  and  cost  of  grading  is 
likely  to  be  excessive.  Poor  junctions  result  with  connecting 
streets,  and  there  is  danger  that  the  grade  of  streets,  where  fills 
or  cuts  are  necessary,  will  not  fit  the  adjoining  ground  and  will 
make  the  development  of  the  abutting  property  expensive  or 
perhaps  impracticable.  Where  the  topography  is  rolling  or 
rugged  in  character  the  disadvantage  of  this  system  is  more 
prominent,  and  the  expense  of  sewering  and  draining  is  greatly 
increased. 

Nevertheless,  there  has  been  a  persistence  in  the  use  of  the 
rectangular  system,  regardless  of  topography  and  the  attendant 
costs  of  street  improvement,  installation  of  utilities  and  site 
development.  Where  the  rectangular  system  is  used  on  fairly  level 
territory,  and  consequently  not  subject  to  the  foregoing  serious 
economic  drawbacks,  its  use  is  often  characterized  by  excessive 
monotony,  particularly  where  row  houses  are  built  in  more  or 
less  unbroken  lines. 

It  is  not  to  be  assumed,  however  that  the  rectangular  system, 
cannot  be  used  with  advantage,  particularly  for  residential  and 
minor  streets,  under  proper  topographical  conditions  and  with 
occasional  modifications.  Where  used,  care  must  be  exercised 
to  avoid  monotony  by  breaking  the  continuity  of  the  streets,  by 
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open  spaces,  offsets,  or  landscape  features;  b\ 

the  grouping  and  placement  of  the  houses,  by  set-backs  and  by 

:IM  in  the  design  and  treatment  of  the  street. 
•    Radial  or  Diagonal.— The  radial  «t  reel  system  eonaiaia  of  main 
»*,  which  radiate*  from  local  points,  or  "hut*";  thim  pro- 
viding for  the  n-omremenU  of  through  traffic  between  various 
ccntere  and  points  of  importance. 

The  particuJar  diaadvantage,  from  the  standpoint  of  traffic, 
in  that  communi.  <.•!..!,  u  tu, .  n  |M,n,ts.  not  adjacent  to  one  of 
the  "hubs"  or  focal  point*,  in  likely  to  be  indirect  and  incon- 
venient. Rigidly  adhered  to  as  a  system,  particularly  where 
the  main  arteries  are  located  in  straight  line*,  with  little  regard 
for  the  requirement*  of  topography,  it  will  naturally  have  the 
same  disadvantages  with  regard  to  cost  of  construction  and 
failure  to  fit  the  ground,  as  pertain  to  the  rectangular  system. 

In  fairly  level  ground,  a  system  of  main  arteries  on  the  radial 
plan,  with  well  arranged  secondary  arteries,  can  often  be  used 
The   areas  between   the  various  radiating  arter- 
ies will  be  irregular,  <  mgular,  in  shape  and  can  be  sub- 
secondary  and  residential  streets  upon  various 
plans.     The  plan  of  the  Ojibway  Project  (Fig.  3)  will  illustrate 
-e  of  diagonal  main  thon.ughfan -s  with  the  secondary  and 
residential  streets  on  the  rectangular  plan. 

Formal  or  Geometrical. — The  formal  or  geometrical  plan  of 
streets  is  one  in  which  symmetry  of  arrangement  and  formal 
design  predominate.  Very  often  such  a  plan  will  const*  t 

axis,  possibly  a  parkway  or  boulevard  along  which  are 
located  landscape  features,  prominent  groups  of  building*. 
monuments  or  open  spaces;  all  of  which  are  intended  to  give  a 
formal  landscape  There  will  often  U-  Mib-axes  located 

with  reference  to  tin-  main  way.  providing  for  the  requirements 
of  through  traffic  and  intercommunication  and  also  intended 
to  enhance  the  landscape  effects. 

The  various  residential  streets  are  then  laid  out  to  maintain 
the  symmetry  and  geom«  'lie  plan.  (>ft«  i  plan, 

will  consist  very  largely  of  CM irvi  linear  streets  and  be  characterised 
l.\  the  development  of  the  plan  around  various  geometrical 
forms,  such  as  eirelrs.  si|iiaiv-  or  OCtagOU 

c  hief  advantages  of  the  formal  plan  are  in  attractiveness, 
interest  and  order  obtained  by  careful  street  planning,  house 
grouping,  special  features  and  landscape  treatment.  But  formal 
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appearance,  and  an  over  emphasized  idea  of  symmetry  in  plan. 
often  predominates  to  such  an  extent   lliat  economy.       ,-,       .md 
Minunicat  ion  are  sacrificed  without  achieving  any  decided 
advantage.     The  formal  plan  will  not.   th.  i.t    to  a 

limited  and  modified  extent,  lend  itself  to  the  development  of  tin- 
plans  for  industrial  towns. 

It  is  not  intended  to  give  the  impression  that  tin  -re  are  not 
places  where  the  formal  plan  may  \\vll  !><•  used,  l>ui  to  advise 
caution  rather  than  too  rigid  adherence  to  formality  and 
symmetry.  Waste  of  frontage,  depth,  shallow  or  irregular  Mo.-k-. 
poor  circulation  and  intercommunication,  are  some  of  t  he  defects 
often  found  in  formal  plans.  An  overemphasis  is  further 
particularly  objectionable  and  futile  when  the  style,  size  and 
grouping  of  the  houses  is  not  in  keeping  with  such  formality. 

In  planning  large  projects,  the  employment  of  the  formal 
plan,  in  designing  the  important  thoroughfares  and  main  fea- 
tures of  the  town,  will  not  only  be  possible  hut  advisable  when 
topography  permits.  The  town  plan  of  Yorkship  Village,  here- 
after discussed  in  some  detail,  (Fig.  16)  is  an  illustration  of  a 
well  considered  application  of  the  formal  plan  which  was  not 
carried  out  to  an  undue  extent.  It  is  further  to  be  noted  in 
making  plans  of  this  kind,  that  departure  from  symmetry  in 
order  to  meet  topographical  conditions,  while  not  particularly 
attractive  on  the  map,  can  be  carried  out  on  the  ground  without 
noticeably  detracting  from  appearance. 

Irregular  or  Haphazard. — Where  a  street  system  develops  in  a- 
piecemeal  fashion,  without  intelligent  planning  or  control,  as  has 
been  the  case  in  so  many  of  our  American  cities,  the  resulting 
street  system  often  can  be  classified  as  irregular. 

It  has  all  of  the  faults  and  disadvantages  that  obtain  with  any 
of  the  preceding  systems;  and  because  of  its  lack  of  id< -a  Lr< Tier- 
ally  has  more  instances  of  them.  Examples  are  every  when- 
present  of  such  lack  of  care  and  foresight,  and  the  resultant 
expenses  for  correction  appear  in  municipal  budgets  year  after 
year. 

Contour  Streets. — Where  streets  are  located  with  reference 
to  obtaining  easy  grades,  a  minimum  of  cut  and  fill,  and  with 
the  idea  of  fitting  the  ground  so  that  little  lot  grading  will  I.e 
required,  the  streets  will  roughly  parallel  the  contours  of  the 
ground.  This  may  for  convenience  be  described  as  a  contour 
system  of  streets. 
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The  grades  of  n.  - 1^  will  pi. 

'  M*  slopes  of  the  Ktirf IMV,  nmi  the 

approximately  normal  i..  th«-  -i-.j--    \\ill  have  steeper  grades. 

ross  streets  cannot  U-  intrndm-.  d  mio  Uie  plan 

as  frcHjin -MI  ly  as  desired,  thus  making  it  oeeessary  for  local  traffic 

to  detour  more  or  less.    In  00  far  as  residential  and  particularly 

the  minor  residential  streets  are  concerned,  the  requirements 

of  through  traffic  do  not  obtain,  and  if  good  accesM  t-    provided, 

•,  if  not  excessive,  does  n<>  t  from  the  pcac- 

iie  plan. 

contour  .system  i«,  ti.  more  applicable   in  the 

of  tin-  residential  Mil.diMrirt*  of  the  tract  than 
for  tho  planning  of  the  main  system  of  streets,  wherrin  it  will 
be  necessary  to  consider  the  requirements  of  through  traffic, 
especially  that  of  directness.  Important  connecting  thorough- 
fares, where  the  contour  street  system  is  used  <piit<-  gftytr^ffy 
for  the  residential  rtraata,  u  ill  not  necessarily  follow  such  a  plan 
riLri'lly.  They  will  deflect  then  i mm,  as  required  to  obtain  direct- 
ness and  as  permitted  by  the  limits  of  jM-niiissible  grades. 
As  both  contour  streets  anil  the  formal  plan  will  require  or 
v  <  mviliiH  ur  streets,  it  will  be  of  value  to  consider  tho 
advantages  and  disadvantages  of  such  streets.  Curved  contour 
streets  are  fre<i  i  lent  ly  justitic<l  by  the  topography,  as  by  their  tae, 
earthwork  and  the  grade  will  be  reduced.  It  will  be  recognised 
that  under  some  conditions  the  use  of  curved  streets  is  dictated 
irrespective  of  any  disadvantages.  However,  unless  their 
adoption  is  warranted,  either  l>y  physical  conditions  or  great 
ness,  the  excessive  use  of  Curvilinear  streets  is  ques- 
tionable and  they  should  not  be  so  employed  without  due  con- 
sideration of  the  ,-\tra  costs  involved.  The  cost  of  both  the 
preliminary  ami  const rurtioii,  field  and  office  engineering  work 
will  necessarily  I*  greater  than  where  the  rectangular  system  is 
used.  Such  work  involves  the  laying  out  of  the  property, 
ing  streets,  block  subdivisions,  line  and  grade  for  strret 
improvements,  utilities.  Imildings,  lot  grading,  the  pro  para  t  ion 
of  record  drawings  and  the  description  and  recording  of  the 
individual  lots. 

The  increased  cost  of  utility  construction  will  be  the  largest 

,-4»  in   ImildiiiK  curved  *invt.«.      It   will  root  more, 

particularly  if  the  mrves  are  SO  sharp  that  trvtirlnng  tnnrhinr* 

cannot  be  used,  to  excavate,  sheath  and  nhorr  a  trrnch  on  a  curve 
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than  in  a  straight  line.  Sanitary  sewers,  where  the  sizes  are 
small  and  grades  low,  will  be  laid  on  chords,  thus  im-x  MMHU  the 
number  of  manholes  required.  Asalarp  i  part  of  the  mntinuous 
street  cross-section  will  thus  be  occupied,  there  is  greater  pml>- 
ahility  of  ini  .  with  other  substructures.  If  overhead 

pole  lines  are  to  be  located  on  the  streets,  sharp  curves  and 
angles  will  require  excessive  guying. 

A  reasonable  amount  of  curvature,  introduced  for  specific 
purposes,  will  not  have  the  striking  effects  herein  described, 
or  at  least  such  will  be  comparatively  negligible.  But  the 
increased  cost  occasioned  by  the  excessive  use  of  curvilinear 
streets  cannot  be  ignored,  and  must  be  balanced  against  the 
saving  in  street  and  lot  grading,  the  omission  of  retaining  walls 
and  bridges,  the  reduction  in  grade  and  other  advantages. 

The  plans  of  Bucknian  Village,  at  Chester,  Pa.,  (Fi 
built  by  the  Emergency  Fleet  Corporation,  and  that  of  the  Love- 
land  Farms  Development,  at  Youngstown,  Ohio,  built  by  the 
Youngstown  Sheet  &  Tube  Company,  are  typical  of  the  extensive 
employment  of  contour  streets.  In  the  former  development, 
the  slopes,  although  short,  are  generally  uniform,  and  the 
blocks  are  approximately  rectangular,  so  that  the  system  may 
be  classed  as  rectangular  with  modifications  to  conform  with  the 
topography.  The  irregularity  of  the  topography  in  the  case  of 
the  Loveland  Farms  plan,  (see  Fig.  2)  made  such  an  approxi- 
mately rectangular  arrangement  impossible,  uneconomical  and 
undesirable.  Much  better  results  were  secured,  in  obtaining 
good  grades,  in  low  cost  of  street  and  lot  grading,  and  also  in 
obtaining  a  large  number  of  good  building  lots,  than  would  have 
been  possible  had  the  rectangular  system  been  used. 

Rational  Layout  of  Streets. — The  street  system  should  be 
designed  to  answer  its  primary  and  essential  requirements  as  to 
traffic,  access,  cost  and  property  subdivision.  A  rational  method 
of  planning  is  advised,  rather  than  unquestioned  adoption  of 
any  particular  system.  The  questions  of  purpose  and  use  should 
predominate  and  dictate  in  working  out  the  plan  and  its  details, 
and  there  should  be  good  reason  and  definite '  objectives 
for  the  designation  of  each  street  and  each  element  and  feature 
of  the  layout.  Formality  and  symmetry  should  be  employed 
to  the  extent  that  the  importance  of  the  project  and  its  general 
Rcheme  warrant,  and  topographical  features  permit.  Radial 
streets,  connecting  the  important  centers  and  making  due  provi- 
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for  tin-       ,  liremcnU*  of  t h  rough  traffic,  should  be  located 

•viMt.l  to  this  prime  requisite  and  with  only  subordmAir 

.r  iuii  to  the  rise  and  shape  of  t  !•••  intervening  trnru. 

The  system  of  strocU  to  be  adopted  need  not  be  of  any  partico- 

iioui.i  u?ii;/.-  any  of  the  foregoing  systems  in  who)* 

or  in  part,  to  the  extent  which  conditions  warrant  and  which  will 

aooouiph-h  the  desired  result*.    The  plan  of  arterial  highways 

u  ill  i necessarily  depend  ii|xm  traffic  requirements,  and  the  number 

ami  location  of  import. nit  centers  and  strati^'  -.  so  that 

whi. -h  will  be  generally  applicable  cannot  be  formulated, 

•  in  ivj-ir.i  to  general  principles.    The  location,  grades  and 

wi.lt  h  of  artrrial  Inuhway.s  should  be  fixed  in  conformity  with  the 

requirement*  of  through 

In  tli.-  l.iiHti.--  or  (oiiitnercial  district  the  rectangular  planof 
streets,  ami  IM.II.-V  of  avoi.liim  .-un-es  and  steep  gradients  should 
.My  I.,-  followed.    The  resiuN  reets  will  be  arranged 

on  rithrr  th.«  rectangular.  th«-  formal  or  tin-  contour  systi •: 
such  inaniHT  as  to  conform  with  the  type  of  developm* 
Imil.lini:.  lot    MilHli\iM,,n  and   topography.     In  residential  dis- 
•rartivi-ness,  economy  of  construction  and  conformity 
lot  gradctf  will  take  precedence  over  the  requirements  of 
Bo. 

Classification  of  Streets. — Streets  may  be  classified  with  refer- 
ence to  importance  and  chart  ise.     Such  a  classification 
i  mind  a  completely  developed  street  system,  is  as 
follows: 


1     \rt.-rial  streets,  or  main  thoroughfares,  which  are 
through  traffic  str« 

2.  Secondary  street*,  iportant  linkn  between  arterial 
ami  forming  -                :»  with  the  various  districU  or  centers. 

3.  Major  and  minor  residential  street*,  provided  primarily  to  afford 
access  to  the  houses  and  carrying  only  local  traffic. 

4.  Industrial  and  business  str.i-ts. 

5.  Special  streets,  such  as  boulevards,  parkways,  etc. 


In  such  a  classification  as  the  foregoing,  the 
is  kept  more  or  less  in  mind.    The  use  of  the  several  kinds  of 
streets  will  now  be  discussed. 

Arterial  Street*  or  Main   Thorough/or*.— Main  or  arterial 
streets  must  be  located  and  designed  with  particular 
to  thrir  principal  function,   that  of  providing  as  direct, 
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•it  andeconomical  facilities  for  through  I  r;i  Hie  a-  I  IK-  require- 
ments demand  ami  the  topographical  com  lit  ions  pen  nit. 

Where  an  arterial  street  or  thorough  fan*  is  not  to  pass  throunh 
the  project,  a  primary  street  should  )><•  located  with  proper 
relation  to  the  street  system  and  in  such  manner  as  to  afford  a 
good  connection  to  existing  or  projected  arteries.  Where  an 
arterial  highway  passes  through  the  project,  that  section  wit  hi  n 
the  project  -houhl  l>e  designed,  not  only  to  care  for  the  require- 
inents  of  through  traffic,  hut  also  the  particular  requirements 
created  within  the  project  itself.  Particular  attention  should 
be  given  to  the  frequency  and  manner  of  making  connect  ions  with 
the  street  system  of  the  project ,  to  t  he  parking  of  vehicles  along 
the  curb  and  toot  her  use>  required  of  an  url.ai 

Streets  of  this  class  should  be  so  located  that  they  will  connect 
the  various  centers  as  directly  as  possible.  Modifications  and 
deviations  from  the  straight  line  will  necessarily  be  made,  in 
order  to  keep  cuts  and  fills  within  reasonable  limits  and  prevent, 
damage  to  adjoining  properties.  If  the  topography  is  generally 
flat  or  uniform,  long  tangents  may  be  used;  making  only  such 
modifications  as  may  be  necessary  to  avoid  undesirable  sub- 
division of  property.  It  must  be  borne  in  mind,  however,  in 
locating  traffic  thoroughfares  that  the  effect  upon  the  subdivi- 
sion of  property  is  of  relatively  minor  importance. 

Where  changes  in  alignment  are  necessary,  the  deflections 
should  be  made  by  means  of  easy  curves,  as  the  flow  of  traffic 
will  l>e  obstructed  if  sharp  angles  must  be  turned  or  if  vision  is 
lessened  by  such  turns.  Many  roadways  of  ample  width  lose 
their  effectiveness  and  their  capacity,  on  account  of  obstructions 
and  delay  occasioned  by  sharp  turns  and  awkward  junctions  with 
other  streets. 

The  width  of  an  arterial  street  should  be  based  upon  the 
estimated  volume  of  future  traffic,  with  suitable  provision  for 
local  requirements  and  uses.  Streets  of  this  class  should  not  be 
less  than  60  feet  in  width,  which  will  provide  for  a  roadway  width 
of  36  feet.  In  large  projects,  where  the  arterial  street  is  one  of 
the  primary  streets  of  the  town  it  will  often  be  found  desirable  to 
increase  the  width,  to  80  or  120  feet. 

The  distance  between  property  lines,  defining  the  width  of  t  lie 
street,  should  be  made  ample,  even  though  a  comparatively 
narrow  roadway  will  answer  immediate  requirements.  This  is 
for  the  reason  that  this  traveled  way  may  be  widened,  without 
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<*«Mve  property  damage  or  construction  eo*t;  tlm* 
the  el  roet  and  possible  futurv  use  i*  provided.     A 

widening,  involving  M  iting  Imck  and  changing  the  property 
lines,  will  generally  U*  very  costly  an. I  .litfi.  uh  to  execute. 

The  grade  of  art ,  el*  and  of  the  primary  »tn«-u  of  the 

townshoul.i  n..t  r\.-.-.-.|  live  per  oent.,  otherwise  grt  t*a*ed 

cost  will  result.  Tho  United  States  Mowing  Corporation 
recommended  that  the  grade  of  main  thor<>ujchfami  and  firvt- 
class  business  streets  shoul.i  not.  if  JH— ,1,1,.  ,  v,-,  ,|  thro  per 
cent.  The  KnicTgrnry  Kleot  Corporation  indicated  a 
maximum  <>f  :,..-  \-e  per  cent,  for  -tnvU  of  thin 

Whatever  may  U-  tho  desired  mn.xinnuu  grade,  the  limiutiom 
imposed  by  topography  may  make  it  necessary  to  adopt  grad- 
ients consi.l.-ral.h  m  . -\.M-.S,S  of  theme  hitherto  recommended. 
The  ruling  grades  of  highways  in  the  vicinity,  and  particularly 
that  of  ark-rial  highways,  .shouM  U-  fully  considered,  and  no  un- 
due expense  or  deviation  from  direct  line  resorted  to  in  an 
endeavor  to  obtain  grades  leas  than  th<-  limiting  grades  of  con- 
necting highways. 

Grade  crossings  should  be  avoided,  as  they  are  not  only  a 
menace  to  life  l>ut  t  hey  seriously  obstruct  traffic  as  well.  Even 
though  a  grade  crossing  must  be  maintained  for  the  present, 
arterial  ami  main  thorough  faros  should  be  so  located  on  the  plan, 
that  the  elimination  «.:'  oasingB  can  be  subsequently 

accomplish"  (1  without  uinlu.  <*xpcnse  or  disturbance  of  conditiona. 

Subarterial  or  Secondary  Street*. — Streets  which  form  import- 
ant traffic  links  between  or  to  arterial  street*  are  classed  as 
secondary,  or  subarterial  streets.  The  requirements  of  these 
are  intermediate  between  those  of  arterial  and  of  re*id< 
streets.  As  traffic  requirements  are  not  so  important,  the  mini- 
mum gradient  can  be  increased  but  *houM  >t  exceed  eight  per 
cent. 

Tho  principal  street  of  the  development,  if  through  traffic  is 
not  to  bo  provided  for,  ami  if  the  development  is  of  compara- 
tively small  size,  will  fall  into  the  class  of  secondary  streets, 
although  the  street  in  question  is  the  major  one  in  the  develop- 
ment itaelf.  The  rv<|uin»mcnts  of  heavy  hauling  to  and  from 
industrial  plants  must,  however,  be  taken  into  account  in 
fixing  the  grade. 

The  width  of  secondary  streets,  varied  to  suit  requirements, 
will  range  from  50  to  SO  feet.  Secondary  thoroughfares  should 
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be  planned  with  some  reference  to  the  subdivision  of  property, 
particularly  to  avoid  division  into  awkwardly  shaped  blocks. 
Directness,  however,  should  not  be  unduly  sacrificed,  although  it 
is  not  as  important  as  in  the  case  <>i  ;u  irrial  thoroughfares.  Ad- 
vantage, to  a  reasonable  extent,  may  be  taken  of  adjust m-  th< 
location  to  the  topography.  Seondary  streets  should  be  laid  out 
with  the  i  loa  of  diverting  through  trailu  from  residential  streets. 
Commercial  traffic  and  heavy  hauling,  particularly,  should  be 
confined  to  streets  located  and  built  for  that  purpose. 

Residettfi'il  Streets.- — The  pL-urning  and  location  of  residential 
streets  is  closely  connected  with  property  subdivision.  The 
principal  purpose  of  such  streets  is  to  provide  access,  vehicu- 


Fi«;  6. — An  interesting  street  view  in  the  Union  Park  development  «.f  tho 
Emergency  Fleet  Corporation  at  Wilmington,  Del.;  a  contour  street  in  the  H  in- 
ning of  which,  care  was  exercised  to  preserve  the  trees. 

lar  and  pedestrian,  to  and  from  the  houses;  and  to  afford  an 
open  space  between  the  houses  thus  providing  light  and  air. 
They  are  to  be  located  and  the  grades  to  be  fixed  in  accordance 
with  the  foregoing  requirements,  and  in  a  manner  permit  t  ing  the 
property  abutting  thereon  to  be  conveniently  and  economically 
developed  for  residential  purposes.  Attention  must  further  be 
given  to  the  appearance  and  attractiveness  which  will  be  obtained 
when  the  proper  relationship  exists  between  the  location,  design 
and  treatment  of  the  streets,  and  the  planning,  grouping  an 
architectural  treatment  of  the  houses. 

The  relation  of  the  residential  streets  to  the  primary  and 
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secondary  streeU  of  the  town  i*  ol  great  importance.     It  i- 
desirable,  fur  a  iiuinU-r  of  reasons,  to  to  plan  the  former  and 
their  connections  with  the  secondary  and  major  mi  * 
a  free  out  ..Mi,-  will  I  «•  afforded,  •••  it  trading  through 

traffic  and  heavy  hauling  •..?!„•  r. -id-  fhkisnot 

to  be  accomplished  by  imposfacobjectioiiable  difficulty 
way,  such  as  excessive  grades,  narrow  width*  or  poor  paving. 
but   !,;.    mvitim;  tr.-ihV  to  the  main  highway,  by  the  superior 
ties  and  nee  offered.    Sueh  refpibtt  inn  of  traffic  can 

u»r  beeffecte<l  l.\  making  traffic  route*  through  the  residen- 
tial street*  n- 1  n direct  when  compared  with  those  obtain- 
ing on  the  main  hitfhwa. 

Monotonous  continuity  is  neither  necessary  nor  desirable. 
Where  the  rectangular  system  of  streets  is  bud  out,  variety  and 
•ness  should  be  obtained  by  the  occasional  use  of  curves, 
open  spaces  and  special  t  realm-  ntersections,  and    by 

breaking  th<>  continuity  of  the  streets  in  such  a  manner  as  to 
afford  attractive  vistas  and  in ten  <*wa. 

width  of  rvsi. initial  .struts  will  vary  with  the  practical 
n><|iiirementa.  It  is  related  to  the  minimum  desirable  distance 
between  t  <s  of  houseis,  and  with  the  design  of  l^iHJtmpft 

\Vidths  of  50  and  40  feet  are  ordinarily  u-- 
residential  streets  and  60  feet  in  hiuh  class  development*.    When 
special  emphasis  is  desired,  wider  street*  with  central  park 
spaces  are  used.     At  times  it  may  be  desirable  to  redur. 
cost  of  grading  by  the  use  of  hillside  streets  of  narrow  wi 

it  is  planned  torn  <  t  houses  upon  the  upper  side  only,  the 
i  may  be  made  even  less  than  40  feet.    Streets  of  t  hi* 
with  a  width  of  30  feet,  and  a  sidewalk  on  the  upper  side,  have 
given  8a  TI. 

It  is  desiraMe  that  t  he  grades  of  residence  streets  should  not 
exceed  twelve  per  «-.-nt..  U>th  on  account  of  the  increased  coat 
of  paving  and  maintenance  on  steeper  gradients,  and  of  the 
difiirulty  and  expense  of  building  on  the  ahutting  frontage, 
Although  the  maximum  gradient  may  be  used  where  necessary, 
it  u  ill  be  generally  desirable  to  limit  the  grade  to  the  neighbor- 
hood of  eight  per  cent.,  especially  on  long  slopes. 

BtusfUM  Street*.— Business  streets  should  be  located  and 
planned  for  the  particular  requirement*  to  which  they  will  be 
subjected.  The  following  recommendations  apply  to  street*  of 
tii is  character. 
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The  alignment  should  preferably  !»«•  MraiiJit.  as  the  luiildimrs. 
facing  thereon  will  ordinarily  l>e  solid  l>u>inrs>  I. locks  almMing 
on  the  street  line.  The  grade  should  preferably  not  exceed 
three  per  cent. 

Tin-  width  must  be  ample  to  take  care  of  tin-  requirements 
of  through  vehicular,  street  car  and  pedestrian  traffic,  and  to 
I H -rin.it  of  vehicles  standing  at  the  curb  without  impeding  the 
movement  of  traffic.  A  minimum  width  of  36  feet  of  roadway 
and  an  overall  width  of  iM)  feet  is  indicated,  but  this  width  will 
be  insufficient  if  the  street  be  characterized  as  an  important 
thoroughfare.  In  such  coses  the  requirements  of  through 
traffic,  convenience  and  use  would  indicate  a  width  of  at  least 
80  feet.  The  width,  however,  should  not  exceed  100  feet  as 
excessively  wide  streets  tend  to  discourage  business. 

The  width  of  the  sidewalk  and 'planting  strip  should  be  ample 
and  not  less  than  12  feet.  If  there  is  any  con  cent  ration  of 
business  upon  the  streets,  the  plant  ing  space  between  the  curb 
and  paved  walk  should  be  omitted  and  the  sidewalk  extended 
from  the  property  line  to  the  curb. 

Streets  with  Car  Tracks. — When  a  street  or  thoroughfare  is  to 
be  occupied  by  a  street  railway  line,  it  will  be  either  a  main  or 
secondary  traffic  thoroughfare  and  will  therefore  be  planned  both 
to  serve  the  general  requirements  of  such  highways  and  also 
the  particular  requirements  of  the  street  railway.  When  a 
double  track  is  to  be  laid,  the  minimum  width  of  streets  should 
be  60  feet,  which  will  allow  for  a  36-foot  roadway.  A  54-foot 
roadway,  and  a  total  width  of  street  of  80  feet  will  be  much  bett  <  r , 
as  it  affords  room  for  vehicular  passage  on  each  side  of  the  tracks 
with  standing  room  at  the  curbs. 

Parkways  and  Boulevards. — Parkways  and  boulevards  may  be 
classed  as  specialized  streets.  They  will  be  provided  primarily 
to  afford  attractive  and  pleasing  routes  for  fast-moving  pleasure 
traffic,  and  as  features  in  the  landscape  design.  They  should  be 
located  with  proper  relation,  to  points  or  centers  of  interest,  and 
should  be  carefully  coordinated  with  the  d< -11111  of  parks,  puMic 
buildings,  the  civic  center,  and  other  main  features  of  the  town 
plan. 

In  cases  of  this  kind,  t  here  is  naturally  great  variety  in  methods 
of  treatment  and  in  the  factors  of  the  design  such  as  width,  arrange- 
ment and  general  plan.  T)  rally  provide  for  -tree!  car 
tracks,  if  use*  1.  in  an  unpaved  and  grassed  strip  eit  her  in  the  center 
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\\  it  h  .-t  « irive  on  each  Hide,  or  else  at  one  «d«.  removed  from  the 

travelled     \\:i\  I     th«-     [fttfc  I      ||      |,  .v  '  !•  •;! .»:!  .        ...... 

Alleys. — Alleys  should   •  ded  when  necessary  to  Afford 

access  to  the  rear  of   i.u  dwellings,  apart  ments  or  business 

Morks.      1  -.11!. I.  nt  all  canwt,  be  puMir  t horoughfaros,  at 

least  12  foot  in  \\i«ltli,  paved  for  8  f«  iy  traffic 

bo   roquirod   tin-   iiniiiiiiuiu    width   should   U»   10  feet.     Alley* 
.should    be   located    to   afford   a  H.-.-n-   view  from  both  ends, 

thus    facilitating      liL'hin.L'.     H:-!—  •:.-!.     ;u,.l      jH.li.  :n;r.        WhflTO 

narrow  alloys  an»  pi..\i.U»d,  change  in  direction,  if  required, 

.-In.iiM  t)e  made  on  easy  curvosy  permitting  vehicles  to  turn 

it  damaging  fi-m-rs  ami  h.-«lp....     The  erection  of  board 

fences  or  of  lmil<linu>  :tl»unirm  -ii. ••-•!-.   .*n  the  alleys  should  U- 

il.it.-'l  l.\   n-strinintis  and  1»\   the  I -ml« ling  code. 

There  has  been  mu.-h  di-« -ussion  for  and  against  alleys,  and 
there  has  been  a  inarkcnl  tendency  in  recent  years  to  largrly 
discontinue  thrir  cstaMi-Oiim-Mt  uh.-r.  \.  r  JN.^I!,!,-  in  nun 
and  town  planning  practice.  All.  \  ^  will  p-m -rally  be  necessary 
as  service  roads  when-  houses  arc  ouilt  in  long  rows.  Their  uac 
in  other  <  m  mnstanoee  will  <l<*iM>nd  U|H,II  the  - 1  ^  i  ve  ad  vantages 
and  disadvantages  a«  ri ii ii L  m. 

ijwil  advantage  will  be  to  promote  convenient 
access  for  the  delivery  of  household  supplies,  as  food  stuff*, 
and  coal,  and  th<  n  moval  of  household  waste,  as  garbage,  rub- 
bish and  ashes.  They  may  serve  to  make  possible  the  effective 
sanitary  inspection  of  rear  lots,  and  the  character  and  hal 
the  occupants  may  make  alleys  desirable  for  this  reason.  They 
may  provide  access  in  case  of  fire,  which  is  an  nnj-irtant  element 
if  long  rows  are  to  lx>  Unit.  The  modern  demands  for  space 
for  the  automobile  garage,  even  for  the  smaller  homes  and  all 
cilnnnrn  of  occupants,  may  make  alleys  desirable,  particularly  if 
the  houses  are  to  be  sold. 

Alleys  may  often  be  used  to  advantage  for  the  location  of 
overhead  and  underground  utilities;  and,  although  cancmcnts 
will  srrvr  MK-h  purixMies  as  well,  pul-h.-  utility  companies  are 
often  disinclined  to  locate  in  the  lati-  <<ount  of  the  diffi- 

culty of  access  ami  their  prcfen-n<v  for  a  puMic  highway. 

The  first  objection   to  all  the  co*t  of  nm.ttnirti.in 

maintenance.     Such  improvements  as  grading,  paving, 
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and  lighting  will  appreciably  increase  the  total  cost,  of  tin*  pro- 
ject. They  will  also  add  to  the  lot  cost  \\here  tin-  al Mining 
property  has  to  be  graded  to  the  alley,  and  win -re  \\ -m -ing  on  the 
rear  lot  line,  and  a  rear  house  walk,  may  be  required. 

The  cost  of  operation  embraced  in  the  upkeep  and  main- 
tenance, is  a  further  item  of  importance.  Alleys  must  be  cleaned 
with  the  same  care  as  the  streets;  they  must  be  lighted  and 
policed;  and  the  pavement  must  be  kept  in  repair.  Unde-iraMe 
living  and  sanitary  conditions  often  obtain  in  alleys  of  urban 
districts;  this  should  !><•  krpt.  in  mind  and  avoided  by  intelligent, 
planning.  The  cost  and  disadvantages  of  alleys  are  such  that  it, 


Fio.  7. — A  concrete  service  alley  in  the  Dundalk  Project  of  the  Emergency  Fleet 
Corporation,  near  Baltimore,  Md. 

may  be  wise  to  consider  building  semi-detached,  or  small  groups 
of  houses,  and  providing  passages  between  the  groups  or  rows, 
rather  than  constructing  alleys. 

The  author  made  an  estimate  in  1913  of  the  cost  of  construct- 
ing alleys  for  a  large  project  for  five  thousand  houses.  The 
results  of  this  study  showed  that  the  additional  net  cost  for 
alleys  twelve  feet  wide  was  about  $200,000  or  $40.00  per  lot. 
The  estimated  increase  in  annual  maintenance  expense  per  lot 
was  $5.30.  The  increase  in  house  rental  to  cover  the  cost  of 
net  ing  and  maintaining  alleys,  according  to  the  above 
figures,  would  be  about  44  cents  per  month.  Present  day 
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of  coiwtriirtinn   uoul.i  greatly   jnerMi6  tne  foregoing.     In 
particular  instance,  the  recommendation  that  alleys  be  nmitsiJ 
from  the  plan  was  made  and  adopted. 

Details  of  Street  Design.- WuftA  of  tonfu«y.-The  width  of 

roadway  must  be  fixed  to  aooommodate  the  tmffi  ,  to  permit 

the  temporary  parking  of  vehicles  along  the  curb  and  to  permit 

the  turning  ,,f  \,-|:,,-u  from  the  street  into  private  driveways 

.M'luly  interfering  with  the  movement  of  traffic.    The 

b  of  the  street,  whirh  unhides,  in  addition  to  tho  road- 
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way,  the  sidewalks  and  planting  strips,  should  be  p****H  to 
take  care  of  the  future  requirement*,  rather  than  those  of  the 

It  will  be  unnecessary  and  uneconomical  to  make  the  present 
roadway  of  greater  width  than  the  traffic  requirements  will 
demand  at  the  end  of  the  life  of  the  initial  surfacing.  This 
suggests  the  so-called  "clastic  street/'  which  oont«mpbtf« 
the  laying  down  of  pavements  adequate  for  present  requirements 
in  such  way  that  the  roadway  can  later  be  widened, 
faced,  by  moving  back  the  curbs. 
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Fio.  9. — Typical    and  tugoesied  example*  in    street  aultdivisian.     (A.   A  j. .-irk- 
way  in  York««hip  Village.     (h>  4(>-fo..t  -t.-i-ct  with  18-f«.«.t  r.,:i«lw.-iy. 
street  with  20-foot  roadway.     (I>      ;  •  t   witli   L'o-fi^t  roadway.     (K) 

50-foot  titroot  with  2G-f«*,t  (I •'.  (.d-foot  street  with  36-foot  roadway. 

(G)  85-foot  street  with  56-foot  roadw.-r  1  for  four  linos  «>f  vcliicnlar  traffic 

and  two  street  car  tracks.     (Hi  .".n-f,,<,t  >tn;<-t  with  ;.lway  :«inl  >im.'I«- 

track.     (I)  6O-foot  street  with  floul»l«  truck.     (J)  Alternative  design  of  4(>-foot 
street  with  tree  line  set  bock  of  street  lino. 
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il   n  '  •••iiiliiefidatiulift  <»n   tin-  -tiliji-rt  of  widtli*  jg  |HVft« 

in  <  \ 

SitUruKilk*.—T\u-  width  of  tlu»  paved  sidewalk  ulioukl  be  tod 
to  meet  the  requirement*  of  \*  It  w  ill  ran*. 

a  iiiiMiiiiuin  d  <-<*u,and 

eik'hl     t..    tuclvc    1,-,-t    m    UuifM**   d.  1|   of  «<!*- 

walk  -h,,uld  lw  paved  M  early  M  the  requirement*  appear  to 
make  necessary.    The  pavod  *i<!th  n.  nrrpaimt  Hith 

l.-tl  tin- 
pro|M-rty  lin.-  lia>  U-.  M  iiuulo  of  ado(|ti.it4-  \M.I 

.•walk  -P.M  .    n,.  l.i.i,-  nut  nnly  il,,-  paved  rfdewallu, 
Inn  tho  plaiitinK  ii  1  «i»o  space  reaervtHl,  if  nny,  t.,  j. 

of  futun*  roadway  widrninfc.     T!»«  .««  to  allow 

a  narrow  strip,  generally  t  in  ui.lth.  l--tw,-,-n  thr  pr. 

line  and  the  cMlge  uf  the  hidcwalk.  and  a  planting  -  'wren 

llu-   >i«l«-\\alk    and    th(     BUI  b.       rbi    :        I     ;  .    •      Q|      •  •          |      .    . 
be  at  least  five  f <  -  m  order  iwite  space  for  the 

pi  in  tint:  of  in-«-s.  and  to  discourage  podcatrinnn  fr« 


ii  l.\  u'i\nm  it  sufficient  cmphaats.    A4O-f"  -.with 

a  20-foot  roadway,  will  allow  for  two  10-foot  side  width*,  each 
width  providing  apaoe for  a ooe-fool  i(  \vrcn  the  propertv 

line  and  M  H-I.  \\.ilk,  and  a  .VfiMit  plant- 

ing 8 1  tin-re  is occaMon  to  make  sonic  of  tin-  minor  street! 

less  than  40  fort  in  width,  the  planting  .-t :  ij>  ino-t  be  docroaiod, 
and  it  may  be  advisable  to  lay  the  paved  sidewalk  directly 
against  the  eurl.;  ihu  ^  tin-  planting  .-trip  U-twern  the 

inner  edge  of  the  sidewalk  and  the  pi«.|*-ry  line.  This  plan 
was  folio  ii  pleading  effect  in  improving  some  of  the 

Finn.. r  -trecU  of  the  Dundalk development  at  St.  Helena,  Md. 
luult  l.y  tin*  Irlmergcncy  Fleet  Corporation. 
Court  Streets. — DeadH>nd  > tracts  are  to  be  avoided,  as  objee- 

tionahN-   from    the   standpoint    of   traffic   t<  •luirements  and   par- 
ticularly   from    the  stand|Hunt    of  fire  protection  and  pol 
Desire  for  \:ni<  ty  and  special  groupii  ; tensive  resadcnrcs 

or  apartments  and  where  the  eon  tour  of  the  land  dictates,  may, 
however,  make  it  advisable  to  develop  part  of  the  tm<  t  with  court 
s  by  extending  a  minor  residential  street  from  the  main 
street  and  providing  an  ample  circular  turn  at  the  extremity. 
Such  streets  or  coiirtH  have  been  fn^pn-ntly  lined  to  ad  van  I  AST 
in  the  development  of  high-class  property,  and  are  of  value  in 
that  they  add  to  vcness  and 
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Court  streets  may  further  IK-  used  to  dc\<  !<>p  those  portions 
of  the  tract,  \vh«  n  it  is  difficult  or  impossible  to  locate  a  through 
street;  and  can  particularly  be  used  advantageously  in  sub- 
divisions where  the  topography  is  broken  and  steep  slopes 
predominate.  This  idea  was  employed  to  u  consider.-. 
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10.  —  Typical  study  of  plant  ing  for  hou.-ing  development;  pr 
ing  for  the  housing  project  of  the  Emergency  Fleet  Corporation  a 


nt- 


in the  subdivision  of  the  Loveland  Farms  project  (See  Fig.  2) 
and  made  possible  a  far  more  economical  su  Mi  vision  of  the 
property,  particularly  in  the  case  of  deep  and  irregular  blocks, 
than  would  have  been  the  case  if  through  streets  had  been  located. 
Orientation.  —  As  it  is  desirable  that  each  room  of  a  dwelling 
should  receive  direct  sunlight  during  some  part  of  the  day,  the 
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question  of  exposure  iiiioiild  be  run-fully  considered  where  there 
is  choice  in  the  orient  a  •  lie  streets,  part  icularly  in  northern 

climates.  StreeU  should  bo  located  in  MU h  a  way  as  to  gtvo  the 
largest  amount  of  building  frontage  having  good  exposure, 
especially  in  case  row  houses  are  to  be  built. 

opographical  or  other  conditions  require  that  some  of  the 
I. ml. ling  streets  extend  east  and  west,  conditions  can  I  • 
improved  by  suitable  lot  subdivision.    Preference  should  be 
given  to  l.uii  •  tidied  bouses,  with  side  windows  in  the 

rooms  having  northerly  exposure,  rather  than  group  or  row 
honest, 

Intersection*. — Intersection*  and  junction*  of  imj>ortant  traffic 
thoroughfares  must  be  planned  in  such  a  manner  that  the  move- 
ment of  trathc  will  not  IN-  interrupted  nor  collisions  occur.  This 
will  generally  involve,  with  narrow  roadways,  the  enlargement 
of  the  intersection,  the  rounding  off  of  the  corners,  or  the  occa- 
sional employment  of  central  park  spaces  of  circular  or  of  curved 
form.  T  should  be  designed  with  ran-,  in  order  to  facili- 

tate and  direct  rather  than  obstruct,  traffic  Movement,  and 
should  be  planned  to  favor  traffic  on  the  more  important  street. 
The  grades  of  important  intersections  should  also  be  carefully 
designed,  those  of  the  more  important  highways  being  given  the 
preference. 

It  is  desirable  to  reduce  the  number  of  intersections  of  minor 
and  arterial  streets  to  a  minimum  consistent  with  good  circulation 
and  access,  so  that  :!,.•  !:...'..  mmt  of  high  speed  traffic  on  the 
thoroughfare  will  not  be  subject  to  frequent  interruptions. 
Suggested  designs  fur  typical  intersection  problems  are  illustrated 
11. 

Tiu>  intersections  of  residential  streets,  insofar  as  traffic  i« 
concerned,  do  not  ordinarily  require  any  special  study,  except  to 
insure  that  good  platform  grades  are  used,  and  that  thc< 
are  eased  off  with  curves  of  sufficient  radius  to  permit  the 
turning  of  vehicles.  Such  intersections,  however,  may  be 
utilized  in  developing  the  landscape  scheme,  by  employing  street 
offsets,  central  parked  areas,  and  special  designs  of  interest, 
individuality  and  attractiveness. 

Profile  and  Grade.— The  profile  of  the  street  and  its  elevation 
relative  to  that  of  the  finished  surface  and  adjoining  lots  and 
floor  levels  of  buildings  is  of  great  practical  importance  and  also 
affects  appearance  and  attractiveness.  For  the  sake  of  appear- 
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Flo.  1». — Typical   street   intersection*:     (1)     An    ml-ir^-mf-nt    at   a   fivo-way 
interaection.     (J)  KoundiiiK  of  radius  at  acute  intrr-    M,,n.     (3)    l\j.i<:i]  | 
area  or  island,  at  intersection.     (4)  A  small  parked  square  in  a  resident i:il  |.l:m. 
(5,6)   Intersections  designed  to  facilitate  traffic-  movement.     (7)  A  court  street 


anr<»,  tin-  tirM   ll«M.r  1«  \ .  i  i.t  tin-  )'Uil«lij.j/-  -!. «,(.!.:  ?.•  ..-.  .,      •   •  .-,,, 
feet  al-.\.-  '».-•  -  ipoo  the  set-back 

and  the  topography.  In  Home  instances  down-hill  rlnprnaiom 
are  iwetl,  and  need  special  treatment.  The  requirement*  < 
ami  LI-  k  linage  mutt  be  considered,  together  with  thoac  of 
putter  capacity  and  traflic  at  outlined  in  a  following  chapter. 
Such  <!•  t <  inn nu lions  should  be  made  at  the  time  of  preparing 
the  design  and  t.  grades  of  houses,  walks  and  l> 

t<>   itiMin    vuitable  drainage  and   pnunote  economy  hi 
oonstruction. 


Flo.  12.— Street  view  in  Buckman  Vill 


••:      !', 


The  curb  grades  must  be  fixed  so  that  sufficient  fall  will  be 
provided  to  drain  the  sidewalk  ami  planting  strip,  and  the  finished 
surface  of  the  adjoining  lot,*.  This  will  n^iuiro  slopes  of  not  less 
than  one-quarter  in<-h  ]MT  foot  for  paved  sidewalk  surfaces,  and 

Mi rre-cights  to  oiu-half  inch   IMT  foot    for  lawns, 
advisable,  topography  and  cost  permitting,  to  have  the  front 
lawn  drain  to  the  sidewalk.     The  manner  in  which  the  drainage 


with  turning  ditto  and  eonnoeUnc  walk. 

V.ll:.^.      i"     <  onvontional  fmir-waj 
Square  in  the  Lorain  Project  of  the 
ttm<i.-u..v  taametioa     (12)  1 


(8)  An  In 


from  York 

cuUr  ialatvHloa.     (i 
FUrt  CorporaUoo 


at  intorwction  of  minor  ttre«U  with  main 
•yratory  inlMMOlioo  of  three  ctreeu.     ( 

with  ow>'  curx-o^     (15)  An  iotafwlioo  park  in  a 
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of  the  side  and  rear  yard  can  best  and  most  economically  be 
effected  will  depend  upon  the  topography  and  the  comparative 
amount  of  grading  re<  | tii nd.  In  fact.  the  whole  grading  problem, 
including  street  improvements,  lot  grading  and  cellar  excavation 
must  be  considered  as  a  single  problem. 

The  amount  of  cutting  and  filling  that  can  be  done  on  ri 
and  lot  improvement  will  depend,  to  a  considerable  extent .  u{xm 
the  surplus  or  deii< •!< -ncy  of  material  that  will  be  available.  If 
there  is  a  deficiency  in  filling  material,  additional  cutting  on  the 
streets,  in  order  to  improve  grades  or  appearance,  or  excavation 
of  lots  which  are  above  grade,  will  be  indicated.  On  the  other 
hand,  if  there  is  a  surplus  of  excavation,  the  material  may  be 
used  to  advantage  in  filling  up  low  areas.  The  most  economi- 


Fio.  13. — A  street  in  the  Dundalk  Housing  Project,  illustrating  effect  of  curvature 
and  wide  planting  strips. 

cal  results  will  be  obtained  when  the  necessary  cutting  and  filling 
balance  over  short  lengths  of  haul. 

With  regard  to  the  street  profile,  it  is  important  that  changes 
in  slope  should  be  made  by  easy  vertical  curves,  rather  than  by 
abrupt  changes.  Appearance,  particularly  the  view  obtained 
by  looking  along  the  street,  must  be  kept  in  mind,  and  it  is 
important  to  remember  that  a  too  frequent  repetition  of  vertical 
curves  on  straight  streets,  giving  the  effect  of  an  undulating  sur- 
face, is  particularly  displeasing.  Sumps,  or  low  places,  without 
surface  outlet  for  the  drainage,  should  be  avoided  if  possible,  to 
obviate  possibility  of  floodiii 

Easements. — Easements  may  be  reserved,  extending  through 
the  block  along  the  rear  lot  line,  for  the  specific  purpose  of  erect- 
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ing  or  con.- tr ui -rmg,  lining  and  maintaining  underground  uiiliiim 
and  pole  lines.  The  rear  lot  lines  of  the  adjoining  >•  will 

extend  to  the  center  of  the  easement,  and  ih  th,  land 

covered  by  easement  will  be  vested  in  the  abutting  owner*. 
The  provisions  of  the  deeds,  however,  should  rw.tn.-t  the  property 
owners  from  erecting  huildmg*  upon  the  easement,  and  will  give 
the  owner  or  builder  of  the  development,  or  the  immiei|iality, 
the  right  to  construct,  or  to  give  official  authorization  to  a  cor- 

1  to  enter  upon  and  construct  or  rrr< 

let,      Then-after  the  right    will  «  maintain  and 

'•o  the  same,  or  the  right  may  be  given  directly  to  a  pubic 
utility  company  or  companies,  as  the  case  may  be.    Th* right* 
and  restrietions  of  the  easement  should  be  de fin iti-ly  shown 
the   projM-rty  map  and  should   U-  fully  desrnU-d  in 
Easements  should  bo  of  ample  width, depending  on  the 

l.\  the  utility,  to  enable  subf  -  to  be  repaired 

maintained,    without  encroaching  upon   the   unrestricted 
te  property  adjoining,  and  should  be  located  to  conform  as 
well  as  possil  requirements  of  alignment  of  the  various 

utilities.     8h:t  |  and  irregular  alignment  will  be  pa 

lariy  objectionable,  in  t  he  case  of  sewers  or  pole  lines,  and  there- 
fore should  be  av-i-: 

Location  of  Street  Railways. — Ordinarily  *?r.  •••  railways  will 
be  located  in  the  center  of  the  paved  roadway.  Where  a  wide 
street,  however,  is  planned  and  warranted,  the  track  may  be 
placed  in  a  >  way,  with  a  small  planting 

between  the  tracks  and  the  parkway  curbing.     Driveways  of 
the  required  width  will  then  be  located,  one  on  each  side  of  the 
with  cross-overs  at  important  street  intersections.     It 
will  U»  preferable  for  the  municipality,  or  the  builder  of  the 
o  retain  ownership  of  the  track  area,  unless  the  railway 
company  engages  to  maintain  the  same.    In  the  latter  case,  the 
necessary  crossings  over  the  right  of  way  should  be  fusurvod  as 
public  highways. 

nay  also  be  advisable  to  consider  an  alternative  location 
of  plaeinR  the  track  on  one  side  of  the  street  between  the  curb 
and  the  sidewalk,  hut  this  is  possible  only  when  a  wide 
is  planned.  There  are  many  advantages  accruing  if  the 
car  track  can  be  located  away  from  the  paved  roadway.  Neither 
ular  nor  street  railway  traffic  will  be  obstructed  by  inter- 
ference, and  the  cost  of  the  maintenance  of  the  pavement  will  U- 
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materially  lessened.  Typical  and  suggestive  cross-sections  of 
•toaeti  Dairying  oat  tracka  ire  >hown  in  i;i.«r.  <). 

Utility  Locut  .     The  close  relationship  which  exists 

between  the  location,  design  and  cost  of  tin-  utility  s\>i«  ins  and 
the  development  of  the  town  plan  is  a  most  important  consider- 
tion  that  must  not  be  forgotten  if  maximum  economy  is  to  be 
obtained.  An  important  illustration  of  this  relation  ship  will 
hereafter  be  discussed,  showing  the  relation  of  frontage  and 
depth  of  lots  to  the  cost  of  utilities  and  street  improvements. 
It  will  be  evident,  when  the  requirements  of  the  various  utilities 
are  considered  in  detail,  n.-.udrelintf  the  variations  caused  by 


Fio.  14.— A  street  in  the  Sun  Hill  Project  of  the  Emergency  Fleet  Corporation. 

topographical  and  soil  conditions,  that  there  will  be  a  great 
difference  in  the  cost  of  development  and  provision  of  utilities 
for  different  town  layouts  of  the  same  tract  of  land. 

Drainage  and  sewerage  can  be  effected  far  more  economically 
if  reasonable  consideration  is  given  to  the  requirements  of  lines 
and  grades.  The  location  of  a  street  in  a  valley  in  such  a  manner 
that  it  unnecessarily  crosses  the  drainage  line,  and  introduces 
rising  grades,  may  require  dy  deep  cutting  for  the  sewer. 

Airain,  it  mayU>  ]x>ssible  to  locate  a  <-r«.  <>n  a  line  which  will 

serve  not,  only  the  requirements  of  traffic  and  access,  but  also 
afford  the  best  available  location  for  ih«-  Of  drains.  If 

this  is  not   done,  it  may  l>e  necessary  to  undergo  extra  co*»*-  to 


/  int.  row  in ; 


lie  sewers  or  drain*  on  private  easement*,  or  to  follow  an 

-utr.  I  mill  i  if  \%  hich  are  objectionable  for  many  rnasnnr 

Tho  lex  overhead  !«•!•  hues  00  easement*  or  on  all  >  * 

thrnugh   the   U.M  k-.   :ir,,l   tin-  ,r«hip  with    house 

location  as  brought  <.ut  in  (  h.ipt.  r  IX,  is  a  most  important  f 

in  regard  to  the  installation  of  thaw  utilities.    There  is  a  growing 

realisation  ..f  th.-  a  large  part  of  pavement  maintenance 

is  chargeaMr  i..  th.  utilities  located  under  the  street  pavement*. 
According  .  there  is  a  tendency  to  remove  underground  »tnjr- 
tura  fn.in  u-nrath  the  paved  roadway  to  the  greatest  possible 
extent. 

ther  di*ciuwion  of  reenn  intended  practice  in  the  loeaUoo 
of  utilities  and  Mil-t  ni.-nm^,  and  the  rcUtion  to  street  location 
and  kind  nf  -Mii'.-i.-iim  \\ill  !*•  preseote<l  in  other  chapters. 

Cos/  ,./  I  '/»///.;>•  Affected  by  Loi  .SUM.—  Thrn-  is  a  dimrt  elation 
Detween  the  sise  and  dimensions  of  the  lot  and  the  cost  of  street 
•  \VIIH  -Hi*  and  in.  I  imiMirtaoea  of  which  is  often 

illy  realised.    The  relative  effect  of  increasing:  ntajp 

and  drpth  ..f  !<>t>  on  cont  of  iiuproveinent.s  and  utilities  should  IN* 
takfii  into  account  in  determining  the  location  and  plsrunent 
of  the  hous«'  on  tin-  lot.  The  fnllnwinj:.  pnvM-nt.-d  Ky  the  author 
at  the  Ottawa  meeting  of  the  Amerie.-in  City  Planning  Institute. 
December  .-  a  I'Mrf  discuiwion  of  the  factors 

i>y  an  assumed  concrete  examples- 


"There  are  many  dements,  even  of  street  improvement*  and  utilitie*. 
that  in  no  way  affect  the  MIC  of  the  lot,  or  arc  affected  by  the  M»  of  the 

•  •Dimple,  there  might  Iwmentio! 

t.  —  Certain  |*»rti..iiH  ,,f  th.-  public  utilitii<«  not  commonly  located 

•  •eta,  such  as  the  water  supply,  pumping  nut  ion  and  filtration 

•ewage  treatment  and  disposal  work*;  the  |uwer  plant  to  poe- 

steiim  plant,  in  the  event  that  the  bourn  are  to  be 

heated  from  a  central  heating  Mation;  and  in  some  esses  a  ga*  plant. 

"Swot*/.—  Various  trunk  'supply  line*  which  lead  from  their  respcctivs 

plants  to  the  town  site.    Thme  include  the  water  supply  trunk  ttnss; 

gas  and  steam  trunk  lines;  electrical  transmisskw  line*;  and  the  sewer 

and  storm  drain  outfalls. 

11  TOM.—  Those  street  improvements  and  utilities  that  lie  dim-fly 
in  fn.nt  <>f  thr  h..u«e  and  that  parallel  the  depth  of  the 
pnrtiimtof  th  and  street  i  ra  pro  vemeots  are  really 

SIM  and  arrangement  <>f  the  house  than  hy  the  dimensions  of  the 

Likewise,  there  are  certain  elements  of  the  boose  eosmsetfaas  waiea 

are  not  affected  by  the  sise  of  the  lot  ;  for  example, 
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and  the  portion  of  the  house  services  that  lies  within  the  street.    In 

other  words,  only  that  portion  «»f  tin-  house  connection  that  lies  within 
the  yard  is  affected  l>\  th<-  si/r  of  tin-  lot. 

"Fourth. — The  street  iin  pro  Venn-ills  and  utilities  which  lie  within  the 
street  intersection  arc'  not  directly  alTectcd  l.\-  t;  I  the  lot,  hut 

are  primarily  :i  function  of  the  block  suh-division." 

As  a  result  of  the  above  processes  of  ( -limmatinn,  it  is  possible 
to  make  a  clear.  well-<lefine<l  -latrment,  of  those  elements  which 
directly  affect  the  size  and  depth  of  lots. 

1.  They  include  the  street  improvements  and  utilities  located  di- 
rectly in  front  of  the  space  lying  between  tin-  houses. 

2.  They  include  the  street  improvements  and  utilities  located  on  the 
minor  streets  and  lying  opposite  the  space  occupied  by  the  front  yards 
and  by  the  rear  yards. 

3.  They  include  those  portions  of  the  house  service    connections 
which  are  located  in  the  front  yards  and  in  tho  rear  yap 

Figures  shown  in  Table  10  are  the  cost  per  lineal  front  foot 
of  side  yard  and  per  lineal  foot  of  depth  of  front  and  rear  yards. 
Cost  per  lineal  foot  of  lot  frontage  and  depth  would  be  greater, 
as  the  cost  of  house  meters,  shut-off  valves,  etc.,  would  be 
included  in  the  latter  cost.  These  are  based  upon  the  same 
data  and  assumed  town  site  as  used  in  the  preparation  of 
Table  1. 

TABLE  10. — COST  OF  UTILITIES  AND  B  IMPROVEMENTS  I'AKAI.LKL  TO 

FRONT  AND  SIDE  YARD  Sr\ 


Items 

Charge- 
able to  20 
feet  of 
side 
yard 

able  to  1  :. 

front 
yard 

Charge- 
able to  50 

rear 
yard 

IVr  lin. 
foot  of 
side 
yard 

Por  lin. 

foot 

front 
yard 

P<-r  lin. 

foot 

yarb 

Street  improvements 

>117.67 

18.00 
0  40 
15  00 
19.00 
10.50 
0.00 

$10.25 

2.08 
0.00 
1.61 
0.94 
2.73 
27.60 

$40.30 

10.54 
0.00 
6.32 

10.74 
0.00 

16.88 

0.90 
0.02 
0.75 
0.95 
•  i  53 
0.00 

X)  (is 

0  18 
0.00 
0.11 
0.06 
0.18 
1.84 

10.68 

0  18 
0  00 
0.11 
0.06 
0.18 
0  00 

(with  land). 
Water  svstem  

Electrical  system  
Gas  system  
Sanitary  sewers  
Storm  sewers                .    .  . 

House  connections 

$180  57 

$45.81 

$71.59 

$3.05 

$1.21 

Results  in  Table  10  show  that  if  the  space   between  houses 
on  main  streets  is  increased  one  foot,   the  cost  of  streets  and 
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M*  per  house  is  increased  $9.03.    Abo,  if  the  front  yard 
reased  one  i  :.-pth,  ihe  eost  of  street  improvemente 

:nnl  Miilnif*  IHT  ),,.u^-  ».  increased  $3.06,  and  if  the  rwu-  yard  w 
increased  om-  :.,  the  cost  of  street  improvement*  and 

utilitu-H  per  HOUM  is  increased  $1.21.    Then  computation*  alao 

innofar  an  street  improvement*  and 

imliiiea  are  concerned,  2.06  feet  can  be  addi-<l  to  die  depth  of 
vanl,  <»r  7.  Hi  i. .  r  to  the  depth  of  rear  yanl.  for  the  eost  of 
adiiiim  nin-  f.M.r  tn  tin-  ui«:  ind  that  2.52  ff^ 

IN*  :i<iiir.i »«.  tiu-  .i.-pf  1 1 ..!'  real  jrard  foi  kbi  •  "-1  ol  addhi  •  at  toot 

to  tin-  ilrpth  «>f  frnlil   N 


5  4  4 

Lot  frontage  in  feet 

Fio.   1.*..— DU«rani  nh»winc  relation  l»tw»  t«»  and  rurt  pM- 

uic  land,  for  lot  depth,  of  from  80  to  100  foot; 


In  a  Int  42fectfrnnt  )>>   im  f,,.,  ,1,-pth.  the  combined  cost  of 
lam!  ami  l«»t  iiiiprovi-tix-iitM  is  equal  to  $369.71  or  $8.80  per  front 
(See  Table-    1    <      tpt<  r  II).     1:  cost  of  land  and 

lot  improvements  be  added  the  cost  of  utilitiu*  and  street  im- 
mcnts  on  the  main  street  per  foot  of  ride  yanl,  the  total 
cost  per  lineal  foot  of  ride  yard  is  $17.83  (obtained  by  adding 
$8.80  to  $0.03).    Asftumin*  rents  are  based  on  12  per  cent,  of 
gross  n-turu.  thr  r,,M   in  r.-nt  for  each  front  foot  of  side  yard 
S  cents  |*  r  month.    Tho  relation  bctwrrn  lot  frontage 
COM  p<  r  house  is  graphically  shown  in  Fig.  15. 
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Although  no  general  condii-inn-  are  justified,  hecause  only 
one  assumed  industrial  town  site  has  hern  discussed,  it  is  interot- 
iiiLr  to  note  that  cost  per  lot  for  "Street  Improvements  nnd 
ttilities"  in  this  case  is  $875.43,  compared  with  $361). 7 1  I'm- 
"Land  and  Lot  Improvements"; — the  latter  being  42  percent. 
of  the  former. 

If,  however,  the  cost  of  street  improvements  and  utilities  is 
compared  with  cost  of  lot  improvements  and  land,  each  directly 
chargeable  to  the  20  feet  of  side  yard,  they  are  respectively 
$180.57  and  $176.05  (Computed  from  Table  10).  In  other 
words,  granted  that  complete  utilities  and  street  improvements 
are  to  be  installed,  and  with  the  conditions  assumed  for  the 
purposes  of  this  discussion,  the  additional  cost  due  to  the  separa- 
tion of  the  houses  to  provide  side  yards,  is  due  in  an  equal  extent, 
to  the  additional  cost  of  lot  improvements  and  land,  and  to  the 
additional  cost  of  utilities  and  street  improvements.  It  is  thus 
clear  that  the  cost  of  utilities  and  street  improvements  alone  does 
not  control  the  effect  on  cost  of  the  spacing  of  houses,  but  does 
maintain  a  direct  relation  to  the  lot  sizes. 

The  foregoing  example  is  a  problem  in  the  total  or  community 
economy  in  the  size  and  shape  of  lots,  and  for  this  reason  the 
estimates  include  all  items  affecting  the  gross  cost  of  the  lot. 
An  important  distinction  should  be  drawn  between  such  gross 
costs,  and  the  selling  price  or  ordinary  cost  of  the  house  and  lot 
to  the  purchaser. 

In  computing  the  latter,  the  cost  of  all  self-supporting  utility 
lines,  including  gas  systems,  electrical  transmission  and  distribu- 
tion systems,  water  supply  works  and  water  distribution  systems, 
and  telephone  trunks  and  lines  should  be  deducted  from  the 
foregoing  estimates,  for  the  reason  that  the  utility  rates  paid  by 
the  house  owner  (or  tenant)  cover  the  expense  of  these  services  i  1 1 
any  well  regulated  community.  A  part  of  the  cost  of  the  water 
works  system  may  be  paid  out  of  municipal  tax  levy,1  in  which 
case  such  charge  would  be  added  to  the  rental,  but  not  to  the 
selling  price. 

In  many  cases,  particularly  where  the  development  is  not 
directly  adjacent  to  existing  utility  systems,  the  land  company 
may  be  required  to  advance  all  or  a  certain  percentage  of  the  cost 
of  installing  transmission  and  distribution  lines,  such  cost  later 
to  be  returned  out  of  revenues;  or  perchance  at  an  arbitrary 

1  See  page  188,  Chapter  VI, 
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refund  rate  per  year.  contingency  only  the  actual  cost  of 

tin-  traii.-ueiion  t<»  thr  land  company  should  be  chargeable  again** 

thr    -.-Ming  prirr  of  thr    1 

If  the  development  in  organiaed  M  a  mui>  ,  or  is  located 

in  an  exwtinn  MHHM. -,,,;..].-  customary  to  pay  the  eoat  of 

sueli  trunk  aewera,  aower  outfall*,  and  treatment  worka  M  may 
be  required  out  <>:  y,  together  with  a  certain  percentage 

of  the  eost   nf  thr  latrrak   usually  from  10  to  35  per  Crilt .      'Jin- 

same  plan  K.  i  \  .hm  to  street  surfacing  an<l  improver 

muni, -ipaluy  may  pay  from  10  to  66J$  per  n-m.  of 
the  total  cost  of  sueh  w.,r k.  In  them  cam  only  the  actual  coat 
BfBMsnd  against  the  adjoining  properties  is  to  U-  -i.  .-irged 

into  the  si-lln.-  prirr  of  thr  lot.  althoimli  all  Mirh  rhargcB  should 
be  represent^  1  in  tin-  n-ntal  tiuun*.  uliich  includes  taxes. 

All  Epeam  of  development,  l»n\\«-\.r.  in. -In. ling  coat  of 

l:tn.i  iii  ••  nate  cost  of  puhlir  l.in.l  in  thestreeU, 

etc.,  original  cost  of  laying  out  and  grading  streets,  lot  improve- 

s  house  com  . -ost  of  t  ho  house  itself,  all  adminiit- 

•  >,  sii|M>rintrn(irnrr  and  overhead  charges  in   connection 

with  the  same,  together  with  inti-n-t  during  .«-tion  and 

Mur  '-iiMiL'.  -  tin  K:iti<  !y  chargeable  into  the  eoat 

of  thr  lot  an<l  house. 

SUMMARY  OF  PROCEDURE 

'.ill  U»  found  that  thr  town  plan  can  U«  most  rflWtiv.-ly 
prepared  if  a  program  substantially  in  accord  with  the  following 
is  adopted. 

a.  Secure  an  accurate  topographical  map,  bated  on  a  careful  minrey. 

b.  Make  a  careful  in-;  i*  the  site,  and  an  examination  of  all 
deal  and  local  conditions  that  will  influence  the  plan. 

«  ;ul  consider  all  nvniluhle  information  and  data 

upon  the  devdopinrnt  of  the  plan,  the  growth  of  the  oommunr 

•u-t  ing. 

d.  Make  preliminary  study  and   prepare  general   plans  of  utility 
systems. 

lake  a  preliminary  ntudy  or  general  pUn  of  the  utreet  system 
including  main  thoroughfares  and  arterial  *tn*t*,  which  may  be  con- 
venient!.  pr.-j.ar.-d  u|M.n  a  reproduction  of  the  topographical  map. 
./.  Prepare  a  general  plan  showing  block  and  lot  subdivisions. 
g.  Make  study  for  <ii>trirting  or  zoning  of  the  area  with  regard  to 
character  of  use,  area  occupied,  height  of  building*,  and 
and  sanitary  regulations. 
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A.  Make  a  house  location  plan,  showing  tin-  placement  <>r  sjxittingof 
the  houses  on  the  lots. 

Prepare  a  landscape  and  planting  plan,  showing  tin  ixuilc- 

vards  and  parkways,  playgrounds  and  planting  «f  these  areas,  streets 
and  individual  lots. 

j.  Prepare  working  and  detail  drawings  of  all  parts,  including 
and  utility  systems,  modifying  as  relationships  develop. 

If  the  projected  development  is  of  relatively  sin  all  sixe,  it 
may  !.«•  advisable  to  reduce  the  number  of  plans  above  suggested. 
either  l»y  omission  or  by  combination. 

Topographical  Survey  and  Map.- ---The  first  step  in  the  pm- 
«  -lure  is  to  make  a  topographical  survey  and  prepare  a  map  of 
the  area  to  be  improved.  If  the  plan  is  to  be  satisfactory  in  all 
its  details,  the  underlying  information  must  be  reasonably 
complete  and  accurate,  and  for  this  reason,  as  the  topographical 
map  will  be  the  basis  for  the  whole  design,  it  should  receive  the 
early  and  constant  attention  it  deserves. 

A  reasonable  degree  of  accuracy  should  be  fixed  and  thereafter 
maintained.  Triangulation  and  the  running  of  control  lines 
will  depend  as  to  extent  and  accuracy  upon  the  character  of  the 
topography  and  the  size  of  the  tract.  Important  points  and 
lines  should  be  well  referenced,  so  that  they  may  tin T< -after  be 
easily  located  and  identified. 

The  contour  intervals  to  be  adopted  will  depend  upon  the 
character  of  the  topography.  Where  steep  slope<  predominate. 
and  where  there  is  considerable  variation  in  elevation,  a  five-foot 
contour  interval,  which  is  the  maximum,  should  be  used;  where 
the  area  is  generally  level,  a  one-foot  contour  interval  will  be 
required.  Frequently  a  two-foot  contour  interval  will  suf; 

The  maps  should  be  drawn  on  a  scale  of  from  1  inch  =  40 
feet,  to  1  inch  =  200  feet;  the  scale  being  dependent  upon 
the  size  of  the  tract  and  character  of  the  topography.  Preferably 
the  scale  should  not  exceed  100  feet  to  the  inch.  Duplication 
of  work  in  re  plotting  on  various  scales  should  be  avoided,  if 
possible,  by  adopting  a  scale  that  can  be  used  with  convenience 
for  different  purposes.  It  frequently  will  be  necessary  to  extend 
the  topography  somewhat  beyond  the  boundaries  of  the  develop- 
ment, in  order  that  the  improvements  within  the  site  may  be 
planned  with  due  regard  to  the  possibility  of  extension  into 
adjoining  areas. 

The  topographical  map  should  show  the  following: 


1>1    \  //''/''..'/    \  I     '  '/      7  //  /      ;  -  '  .1    ',     :        '    .  1    ••  • 


(a)  Boundaries  at  property  lines  of  the  tract  and 
won  » ith  disUnoM  and  hemriug*  or  dcfiWtion*  indicated. 

(6)  Wooded  area*,  indicating  outline*  of  Urgr  groups  or  groves  of 
trees;  d  tree*,  five  inehee  or  larger;  indication  of  species  and 

njs,  M  water  course*,  with  high  and  low  water  line*; 
-.H  ami  n.rk      .'  <rop«;  sand  and  travel  bank*;  stone  quarries; 

Soil  and  tions;  tost  piU  and  borinp;  ground 

valsj  tin  .•:..!. 

(«)  Fence  and  wall  lines;  existing  roads  and  drives;  bridges;  eulverta; 
street  improvement*  and  utilitir*;  building*,  '•(cam  and  electric  railroad 
Unas  and  sidings,  with  elevations  at  base  of  rail. 

(/)  Contour  lines. 

The  foregoing  should  bo  indicated  l»y  easily  tlistinguiftiied 
legends  or  convmtiona. 

Regional  Maps.~\\  will  generally  be  advisable,  particularly 
\\IICD  new  street  un<l  utility  \stc»niB  are  to  be  pluiinrd.  to  prepare 
a  map  of  the  region,  wherein  the  develop!  located.  This 

tho  purpose  of  Miniying  tii<-  .if  the  project  t.. 

the  SUIT. •inn!.  :|1(-  t-xtriiMun  of  fxistiiiu'  utilities,  and 

the  influence  and  D  of  existing  and  projected  highways 

and  streets  to  thooe  of  t  In-  prn|>o8ed  town.  It  is  not  the  purpose 
of  such  regional  maps  to  ]x»rtr.iy  mm  lit  inn*  in  minut*-  detail, 
but  rathn-  in  such  a  way  as  .>  to  be  made  of 

•  •ins  and  int.  ^iiij*  between  the  new  town  and  the 
surroundir,L'  tnrii«,rv  and  m-iuldNiring  communities. 

It  will  further  be  conv<  ni<  nt  t<»  show  on  the  regional  map  im- 
portant f.'Min.  -  <>f  •  \isting  water  Mippl>  and  sewerage  systflflM, 
main  traffic  lines,  freight  stations  and  yards,  and  other  informa- 
•f  like  kind. 

The  labor  and  cost  of  preparing  the  regional  map  may  be 
reduced  by  utilizing  and  collating  existing  available  maps  and 
plans  of  the  municipal  and  public  service  companies.     Krr<iu 
the    topogrupl  i     1    >ii.<t-    of    the    United    States    Geological 
Survey  may  be  used  to  advantage,  as  a  base  or  general  map  for 

assembling  -lata  then 

Site   Investigation. — Serious  delays  and   confusion   will    be 

•  -d  and  better  coonlination  in  design  obtained  if  a  thorough, 
and  pn  tW.-iMy  a  joint  investigation,  of  the  site  is  made  by  those 
in  responsible  charge  of  the  town  planning,  architectural  and 
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engineering  fortune  of  tin-  work.  There  is  n<t  better  way  to 
Sense  and  evaluate  the  main  features,  cnndit  inns  and  problems 
than  by  such  investigations.  Many  mistakes  and  misconcep- 
tions will  thereby  be  avoided. 

The  main  pur|M>se  will  IH»  to  obtain  first  hand  information  and 
impressions  to  serve  as  a  guide  in  lain-  formulating  the  planning 
and  construction  policies,  and  to  aid  in  the  interpretation  of  maps 
and  data.  The  soil  conditions,  for  instance,  will  be  of  interest 
to  the  engineer  and  the  architect  alike.  There  will  further  be 
many  jxiints  relative  to  opportunities  for  location  of  sidings  and 
yards,  the  planning  of  construction  roads  and  similar  features, 
that  will  be  of  value  in  planning  the  town  and  the  construction 
program. 

Preliminary  Town  Plan. — The  preliminary  town  plan  will  be 
developed  to  determine  the  main  features,  especially  those  which 
are  dictated  by  the  existing  conditions  and  topography,  existing 
highways,  transportation  and  utility  systems.  In  forming 
the  plan,  not  only  the  principal  requirements  of  the  street 
system,  but  those  of  the  best  utilization  of  the  land  as  to  commer- 
cial and  residence  districts,  larger  parks,  the  utilities  and  of  the 
various  types  of  building  are  to  l>e  considered. 

It  will  be  convenient  to  project  this  study  on  a  positive  Van 
Dyke  or  gelatine  reproduction  of  the  base  topographical  map, 
so  that  copies  can  be  used  for  revision  and  for  the  development. 
of  the  utilities  systems.  Trial  profiles  and  cross-sections  of  the 
streets  should  be  worked  up  at  the  same  time. 

Final  Plan  of  Development. — The  preliminary  town  plan  will 
be  subjected  to  such  modifications  and  revisions  as  may  be  neces- 
sary to  produce  a  well  balanced,  consistent,  efficient  and  econo- 
mic plan.  This  will  require  adjustment,  the  degree  depending 
upon  the  relative  importance  of  the  design  of  the  street  system, 
those  of  the  various  utilities,  and,  particularly,  the  requirements 
of  the  houses,  as  has  been  hitherto  discussed  under  property  sub- 
di  vision. 

The  complete  town  plan  should  show  the  street  system  in  detail, 
including  the  name,  widths  and  grades  of  the  highways;  the  various 
features  of  the  plan,  including  the  civic  center,  schools,  etc.;  the 
subdivision  of  the  property  into  blocks  and  lots;  set-back  lines, 
open  spaces,  parks,  etc.  The  plan  should  contain  essential 
information  as  to  distances  and  geometry  which  will  enable  it  to 
be  staked  on  the  ground.  Frequently  such  plan  can  be  later 
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filed  in  the  office  of  reword  in  connection  with  the  dedication  of 
street*  and  the  record t UK  of  tin-  -  ,,n  and  the  oWi*ofi  a* 

to  scale  should  bo  based  on  such  a  use. 

The  adopted  town  plan  will  in<  lu<le  profiles  of  the  various 
streets  showing  tin-  extablifihed  grades  thereof.    The  Lv 
important  on  account  of  the  legal  sjgnifaanne  and  practical 
value. 

Detail  and  Working  Plan*.— Detail  and  working  plans  will  i-- 
iv,|miv,i  !<  i  (he  various  parts  of  the  work.  The  number,  variety 
and  scale  of  these  plan*  will  depend  upon  the  seope  of  the  work 
and  upon  condition*  ami 

Gradinu  pl.-ir.-  i  nr  1 1 10  general  improvement  of  the  Kite  and  final 
grading  of  tin-  lots  \\ill  U»  nssnntiil  to  determine  the  best  ele- 
vation of  tin-  houses  and  tin-  ({iianiity  ami  terial. 
The  topographic  map  may  be  uw-d  for  working  out  the  general 
scheme  and  to  determine  approximate  quantities,  but  to  be 
efficacious  for  ti.-ld  use  should  U-  on  a  scale  of  not  less  than  one 

ilirll    tO   100  fe-  :.e   ineh   t«i  .'ill  feet.       iVtrtil      rrOSS- 

sections  of  < ,  ll.u>.  l«»t«,  sidewalks  and  *treetii  may  be  required 
tor  this  pnrjiosc. 

It  will  «.ft,-n  be  economical  to  prepare  workn>u  dram-in^ 
scale  of  forty  feet  to  the  inch  or  less,  to  show  the  linm  and  ele- 
vations for  lot  grading,  plant  iim.  IIOUHC  walks  and  house  location. 
The  same  sheets,  or  rvpnxlu  an  lator  be  used 

as  a  base  plan  for  record  drawings  of  utilities. 

RECENT  COMMUNITY  DEVELOPMENTS 

Ojibway,  Ontario.— The  plan  «»f  the  projected  town  of  Ojib- 
way,  Canada,  contains  a  nuinU T  of  interesting  features  •- 
will  serve  to  illustrate  some  of  the  points  heretofore  discussed. 
This  plan  was  prepared  by  the  late  Owen  Brainard,  with 
Garrerc  and  Hastings  as  Town  Planners,  in  association  with  the 
author  as  Engineer,  to  provide  housing  for  employees  of  the 
new  plant  of  the  Canadian  Steel  Company,  Limited,  at  Ojibway 
near  Windsor,  Ontario,  Canada. 

As  will  be  seen  in  the  street  system  is  on  the  rec- 

tangular plan,  with  a  radiating  *y«u-m  of  diagonal  streets,  serv- 
ing as  main  and  secondary  arteries.  The  tract  reserved  f»r  tho 
town  consists  of  about  650  acres  of  nearly  level  ground, 
the  maximum  dinYremv  in  elevation  of  the  surface  being  about 
8  feet.  When  fully  developed,  the  town  will  provide  for  about 


112  INDUSTRIAL  HOUSING 

21,000  people,  housed  in  detached  houses,  on  lots  generally  of 
35  feet  frontage  and  120  foot  in  depth.  The  towns  of  \Yindsm- 
and  \Yalkervillo  lie  to  the  north,  and  the  stce!  plant  in  tin-  west, 
between  the  town  and  the  Detroit  Ui  electric  mil  way 

lino  is  located  on  Main  Street  and  provides  rapid  t  ransit  to  Wind- 
sor, \Yalkervillc  and  other  local  points.  The  tracks  of  the  Essex 
Terminal  Kailrnad  arc  parallel  to  and  local ed  directly  in  the  rear 
of  the  blocks  fronting  on  the  west  side  of  Main  Si  n  <  t .  Import- 
ant existing  through  highways  include  a  road  lyin^  sonic  distance 
east  of  and  roughly  paralleling  the  town  site,  and  Marli. 
Road,  also  an  important  highway,  which  passes  through  the  de- 
velopment approximately  on  the  line  of  11  Street. 

The  principal  features  in  the  plan  are  as  follows: 

Main  Street,  with  a  width  of  100  feet,,  will  pro  vide  for  business 
and  small  local  imlu>trie>  which  will  l>e  attracted  there  by  reason 
of  the  street  railway,  the  siding  facilities  of  the  properties  on  t  he 
west  side  of  the  street,  and  the  proximity  to  the  plant.  The 
higher  class  commercial  establishments  and  amusements,  to- 
gether with  the  community  or  civic  center,  will  be  located  in  the 
area  immediately  east  of  Main  Street  and  bounded  by  Kith 
Street,  G  Street  and  12th  Street. 

Ample  provision  is  made  in  the  planning  of  the  main  thorough- 
fares for  the  requirements  of  through  traffic  and  inter-communi- 
cation, not  only  as  concerns  the  development,  but  also  the 
undeveloped  territory  adjoining  to  the  east  and  south.  Through 
traffic  from  the  southeast,  coming  over  the  existing  Machette 
Road,  by  following  the  line  of  South  Avenue  and  G  Street,  will 
be  diverted  from  the  business  center. 

The  main  thoroughfares  are  from  100  to  160  feet  in  width,  and 
are  generally  provided  with  central  parkways.  The  secondary 
streets  are  86  feet  in  width,  with  central  parking  area.  A  fur- 
ther prominent  feature  of  the  street  system  is  a  parkway  300  feet 
in  width,  with  a  wide  central  parked  area  extending  from  the 
commercial  district  to  G  Street,  the  main  north  and  south 
street.  The  residential  districts  are  laid  out  with  50-foot  streets. 
Alleys  are  not  provided  except  in  the  commercial  district. 

The  street  system  was  adopted  only  after  thorough  investi- 
gation had  been  made  of  the  requirements  of  traffic  and  utility 
location,  particularly  that  of  sewerage  and  drainage;  the  radiat- 
ing system  of  main  highways  lends  itself  readily  to  tlioe 
mcnts. 
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LoveUnd  Farms.— The  street  plan  of  LoveJand  Farms  is  an 
excellent  example  of  the  adaptability  and  economy  of  the  use  of 
contour  at  i  the  development  of  a  site  characters**!  l>> 

nigged  ami  broken  topography.    This  development  was  designed 
iin  Nolen,  as  Planin  the  author  as  Engineer.    The 

project  was  bmlt  l.\  the  Y...I  uptown  Sheet  ft  Tube  Company, 
for  tho  pur|xiM»  of  providing  modern  type  homes  for  skilled  em- 
ployees, foremen  and  *u|>erintendente.  The  site  is  just  beyond 
the  city  limit.*  ugstown,  Ohio,  and  south  of  the  Mahoning 

The  gross  area  of  the  tract  is  220  acres;  area  of  street* 
24  acres;  gross  area  of  parks  and  open  spaces,  A  per  cent.;  net 
iimlding  or  saleable  area,  71  per  cent.,  or  156  acres;  approxi- 
mate number  of  lots,  1,000;  average  lot  area,  0.158  acres,  or 

It  will  be  noted  that  tho  street  plan,  which  is  shown  in  Fig. 

2,  is  composed  very  large 1  •.  i  linear  street*;  in  fact  about 

67  per  cent,  of  th<-  >treet*  are  so  designed.    The  plan  of  the 

streets  was  dictated  by  the  topography,  \\hi.-h  is  severe,  and  by 

the  adj. .in inn  exiting  roads.     Poland  Avenue,  LoveUnd  Road, 

-•hian    Boulevard    and    Oakland    .\\.-nue    were   existing 

improved  streets  and  form  the  boundaries  of  the  site.     Poland 

:i  main  thoroughfare  occupied   l.y  a  2-track  street 

railway,  furnishing   tran-  •  ••.   facilities  from   Youngstown 

u>  tho  site  and  |*  i   is  the  northerly  boundary. 

The  gro  in  Polan  .  \\fii«-h  has  an  elev 

•in  860  to  870  feet  to  a  maximum  elevation  of  1U3O  at  the 
southwest  corner  of  the  plot.  The  ground  -urface  is  further 
broken  by  ravines  extending  hack  from  Poland  Avenue.  The 
in-tin  streets,  following  the  contours,  arc  laid  out  on  approxi- 
mately c<  ular  arcs,  with  an  approximate  center  at 
tho  sumin  igewood  Road  near  the  southwestern  corner  of 
the  plot.  Streets  leading  to  Poland  Avenue  generally  follow  tho 
line  of  ravines,  which  afford  the  most  favorable  location,  and 
make  possible  an  effective  sulxliviaion  of  the  adjoining  property, 
uliich  otherwise  would  U>  difficult. 

ituresof  this  plan  are  the  economy  of  site  develop- 
in.  1  improvement,  the  effective  subdivision  of  the  ptuperty 
and  good  street  grades  obtained  on  a  very  hilly  site.    The  use 
of  court  M  ->  develop  deep  blocks  upon  steep  hillside- 

be  noted. 

As  the  facilities  offered  by  existing  highways  and  topographical 
I 
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harriers  made  a  minor  eon-idrrai  i<>n  of  I  lie  necessity  for  providing 
for  through  traffic,  t  lie  streets  within  the  development  arc  mainly 
laid  out  to  provide  good  building  frontage,  access,  and  inter- 
communication. \\ith  reasonable  facilities  for  traffic  passing 
through  the  plot  in  an  easterly  direction  from  Powers  Way  and 
other  connections.  The  character  of  the  development  will  be 
entirely  residential,  except  for  a  small  business  district  to  be 
located  in  the  vicinity  of  Ridgewood  Road  and  Ohio  Square. 
The  street  widths  are  40,  50  and  60  feet,  with  roadways  of  18, 
24  and  32  feet,  respectively.  Sidewalks  are  4  f < «  t  wide  on  the 
40-foot  streets  and  5  feet  in  width  on  the  other  streets. 

Yorkship  Village. — Yorkship  Village  was  the  largest  govern- 
mental housing  project  constructed  during  the  War.  It  is  of 
great  interest  not  only  on  account  of  its  size,  but  for  the  reason 
that  the  plan  contains  many  unique  features  and  represents  great 
advance  in  the  planning  and  development  of  large  towns  for 
industrial  workers.  The  town  was  planned  under  the  general 
supervision  of  the  Emergency  Fleet  Corporation,  for  the  Fairview 
Realty  Company,  a  subsidiary  of  the  New  York  Shipbuilding 
Company,  for  the  shipyard  employees  of  that  company  in  Cam- 
den,  X.  J.  Elect  us  Litchfield  was  Architect  and  Town  Planner, 
and  Lockwood,  Green  &  Company,  the  Engineers.  (For  street 
and  block  plan  see  Fig.  16.) 

The  tract  lies  at  the  southerly  extremity  of  Camden,  N.  J.,  and 
has  recently  been  annexed  to  that  municipality.  The  site  is  a 
practically  level  tract  of  land  bordered  on  the  north,  south  and 
west  by  small  tidal  streams,  or  estuaries,  whose  marginal  mud 
flats  and  high  water  lines  limited  and  defined  the  useful  area  in 
these  directions.  The  Mt.  Ephriam  Pike,  an  improved  high- 
way, is  the  easterly  boundary  of  the  plan,  and  affords  a  highway 
connection  to  Camden.  Collings  Road  traverses  the  site  from 
east  to  west  and  provides  an  existing  highway  leading  directly 
to  Broadway,  a  main  thoroughfare  in  Gloucester  which  extends 
along  the  river  from  Camden.  An  extension  of  a  street  railway 
on  a  private  right  of  way,  from  the  main  line  on  Broadway  in 
Gloucester  to  the  project,  which  it  enters  on  Collings  Road, 
affords  street  car  service  to  the  shipyard,  Camden  and  local 
points. 

By  reason  of  the  foregoing  condition,  and  with  the  exception 
of  the  existing  highways  before  noted,  whose  influence  on  the 
organization  of  the  plan  will  be  apparent,  the  site  was  isolated 
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from  Camdan  and  was  therefore  to  be  developed  as  an  independ~ 
eot  community.    The  necessity  of   providing  a   more   direct 


-•-.  -         M  s 
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route  for  pedestriao  and  vehicular  traffic  fn>tn  the  town  to  the 
sliipyanl.  whi.-h  In-  within  walking  distance  to  the  northwest, 
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imposed  a  further  condition  which  greatly  influenced  the  develop- 
ment of  the  town  plan.  This  connection  was  accomplished  by 
building  a  concrete  arch  bridge,  crossing  the  branch  of  Newton 
Creek  to  the  north  of  the  town,  and  opening  up  a  new  street 
leading  to  Morgan  Street  in  Camden.  This  latter  street  leads 
to  Broadway  and  the  shipyard  plant. 

The  main  approach  street,  which  is  also  the  main  axis  of  the 
layout,  is  a  parkway  120  feet  in  width,  extending  from  the  l.ridm- 
to  a  central  square- .  which  was  planned  to  !><•  tin  -»>•  -i:il  and 
community  center  of  the  town.  About  this  square  arc  located 
the  more  pretentious  buildings,  including  apartment  houses, 
stores  and  a  projected  community  building.  A  park  area  140 


Fio.  17. — Yorkship  Village;  the  central  square  and  parkway. 

feet  in  width  extends  westward  from  the  square  and  constitutes 
the  minor  axis  of  the  plan,  and  affords  an  excellent  location  for 
churches.  Radial  streets  extend  from  the  southwestern  and 
southeastern  corners  of  the  square  to  Collings  Road. 

The  central  features  of  the  plan  have  a  decided  element  of 
formal  organization  which  does  not  predominate  in  the  outlying 
section.  While  curved  streets  are  used  to  a  limited  extent, 
frequent  angles,  combined  with  effective  placement  of  dwellings 
and  features,  make  for  attractiveness  and  interest.  The  easterly 
section,  the  streets  of  which  are  laid  out  as  concentric  circular 
arcs,  was  designed  after  the  plans  of  the  main  portion  of  the  town 
had  been  adopted. 

The  total  developed  area  is  179.1  acres;  area  of  lots  is  80.4 
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acres,  or  44.9  per  cent.;  sites  for  special  buildings,  IX  acres,  or 
1  per  cent.;  schools,  recreational  and  community  purposes,  in- 
< -In. ling  parks  and  playgrounds,  35.0  acres,  or  19.8  per  cent.; 
area  of  streets  and  alloys,  01.3  acres,  or  34.3  per  cent. 

The  town  .n.-i,,.|i«  1,380  dwellings,  of  whi< -h  1  oi8  are  in  rows 
an. I  the  balance  detached  and  semi-detached  houses.  There  are 
also  four  apartment  l.uiMings,  one  hotel,  and  eight  stores.  There 
are  10.45  <l\v<  Mings  per  acr*  ire*,  the  average  lot  conta 

2,520  square  fret.  The  jcmm  tMiil.lmg  density  is  7.8  dwelling* 
per  acre  of  the  developed  land,  including  lots,  streets  and  other 


CHAPTER  V 
STREETS  AND  PAVEMENTS 

CLASSIFICATION  OP  STREETS — PAVEMENT  DESIGN — TYPE  AND 
MATERIALS  OF  PAVEMENTS — ACCESSORY  STRUCTURES 

The  paving  and  appearance  of  the  streets  of  a  community  is 
<me  of  the  first  things  which  attracts  the  attention  of  the  visitor 
and  also  greatly  affects  the  comfort  and  convenience  of  the  resi- 
dents. It  is  an  item  on  which  either  too  great  or  too  small  a 
sum  may  readily  be  spent,  and  a  very  careful  engineering  study 
and  planning  are  necessary  to  determine  the  proper  design  so  that 
the  utmost  utility  and  economy  is  subserved. 

CLASSIFICATION  OF  STREETS 

The  general  plan  of  the  street  system,  together  with  the  classi- 
fication of  streets  and  their  location  has  already  been  considered 
in  the  preceding  chapter. 

Widths  for  Different  Services. — The  importance  of  streets  is 
determined  by  the  character  of  the  expected  traffic.  Width, 
even  more  than  the  character  of  the  pavement,  indicates  this 
imi>ortance.  Widths  of  streets  are  determined  by  the  volume 
and  character  of  the  traffic  which  will  use  them.  American 
municipal  practice  in  fixing  street  and  roadway  widths  has  been, 
to  a  very  large  extent,  controlled  by  local  practice  and  by  too 
strict  adherence  to  artificial  standards.  Street  widths  cannot  be 
standardized,  although  the  maximum  and  minimum  may  be 
defined,  which  should  not  be  departed  from  except  under  unusual 
circumstances.  See  Fig.  9  for  typical  street  widths  and  cross- 
sections. 

In  some  communities  there  has  been  a  tendency  to  make  widths 
of  streets  and  roadways  entirely  too  narrow;  in  others,  particu- 
larly in  the  middle  west,  roadways  of  unusual  widths  are  often 
required  by  municipal  ordinance.  The  latter  are  objectionable, 
as  they  increase  the  cost  of  improvements,  street  cleaning  and 
replacement.  Arterial  or  main  traffic  streets  often  become  con- 
gested :md  suli-MrtrriMl  :md  residential  streets  frequently  are  of 
greater  width  than  economy  requires.  Traffic  may  be  forced  to 
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nook  streets  which  are  doomed  to  care  for  the  lightest  travel  our/. 
thus  causing  a  rapid  deterioration  of  the  surface.    The 

h  a  IH.II.  y  uill  prove  expensive  to  the  community  and 

i.-il'le  space.    The  logical  method  in  to  haw  the  required 

Hdway  Hi* .11  thi-  number  of  traffic  lin«i  which  the 

roadway  pavement  must  accommodate,  due  nonaulmslMMi  being 

•  n  to  the  gradual  increaae  in  rocent  years  of  both  the  width 

and  speed  of  vehicles. 

rial  or  Main  TVqJfe.— Such  main  thoroughfares  trifl  be 
required  to  curry  the  street  ears  and  bus  lines,  in  addition  to  the 
uiiiial  vehicles;  and  provision  for  these  should  be  made  at  the 
time  of  tin-  oY.sinn.  wherever  they  will  !*•  required  in  the  fui 
Street  ear  tracks  should  preferably  be  placed  in  the  center  of  the 
roadway,  and  it  is  desirable  that  they  be  on  a  separate  right  of 
way,  \\  hirii  may  be  divided  from  the  rest  of  the  street  by  a  curb. 
This  will  allow  the  cars  to  move  at  a  greater  speed  and  with 
leas  danger  to  other  traffic.  The  increased  speed  thus  made 
possible  will  ext  available  sone  of  residences  for  the  com- 

ii  i  HIM  tv,  by  lessening  the  time  required  for  transit  from  home  to 
the  business  tlist 

On  arterial  and  main  business  streets  provision  should  be 
nui-  .\o.  four  or  more  lines  of  traffic  and  either  a  single 

iouhle  track  car  1m.-.  In  addition  to  this  a  sidewalk  should 
ourse,  be  provided  on  each  side  of  the  street.  The  increased 
speed,  at  which  traffic  moves  in  well  regulated  «*?*»""f»ilj*f,  re- 
quires a  cm  n  fort  a  Me  clearance.  This  indicates  a  minimum  width 
for  each  line  of  vehicular  traffic  of  at  least  eight  feet,  and  pre- 
ferably nine  f« -«-t.  The  lower  figure  can  be  used  where  several 
tinea  are  provided  for,  and  the  latter  on  the  narrower  streets. 

The  width  of  sidewalks  on  a  business  street  should  never  be 
less  than  12  ft.  and  in  larger  *nmmimitfr«  and  on  important 
streets,  may  exceed  thus  amount.  This  entire  width  need  not 
be  paved  in  the  early  IM  ri.»d  of  the  hi".-  of  the  community,  but 
this  space  should  be  reserved  for  public  use. 

pical  determination  of  the  width  of  an  arterial  street  it 
as  follows: 

Two  UIH» of  parked  vehicles.. 
Four  lines  of  traffic 
Two  car  track* 
TwoadewaUu 

ToUl  100  f«rl 
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This  example  indicates  the  \vidtii  for  a  street  of  this 
class  in  a  community  where  growth  may  be  exerted;  lesser 
widths  may  be  used  in  certain  cases  by  usin^  t<  \\<  r  multiples. 
The  whole  breadth  need  not  be  paved  until  the  volume  <.t  traffic 
demands  it.  A  planting  space  may  be  reserved  on  each  side  of 
the  paved  section  of  the  street,  which  later  may  be  assigned  to 
the  use  of  traffic  when  required;  or  the  additional  width  may  !><• 
temporarily  allotted  to  the  abutters  for  front  y.-irds.  with  reser- 
vations requiring  that  the  building  lines  be  kept  back  the  desired 
distance. 

Subarterial  or  Secondary. — Subarterial  streets  may  vary  con- 
siderably in  width,  because  of  the  different  sizes  and  char 
the  districts  which  they  serve. 

The  roadway  should  contain  space  for  at  least  two  lines  of 
traffic  and  parking  space  at  either  side,  and  it  may  often  be 
necessary  to  provide  for  four  lines  of  traffic.  Very  frequently 
a  single  track  car  line  will  be  required  to  lead  from  the  main 
thoroughfare  to  the  subsidiary  district.  The  sidewalks  should 
be.allowed  a  space  of  at  least  12  ft.,  part  of  which  may  be  utili/ed 
as  a  planting  space.  A  typical  design  of  the  width  of  a  sub- 
arterial  street  is  given  below: 

One  car  track 10  feet 

Two  lines  of  traffic                                           20  feet 

T\\<>  parking  linos 16  feet 

Two  sidewalks  and  margins 24  feet 


Total 70  fc<-t 

In  the  smaller  industrial  communities,  which  are  adjacent 
to  larger  towns,  the  streets  here  classified  as  subarterial  may 
be  then  called  the  principal  streets.  In  such  cases  the  car 
track  is  frequently  not  required,  and  occasionally  the  total  width 
between  property  lines  may  not  exceed  50  ft.  This  is  the  ab- 
solute minimum  which  is  to  l>e  recommended  for  streets  serving 
more  than  the  lightest  residential  traffic.  This  width  may  be 
divided  as  follows: 

Two  sidewalks  and  margins  24  feet 

One  parking  line  8  feet 

Two  lines  of  traffic  1  - 

Total..  50  feet 
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'1  his  gives  a  roadway  26  ft.  in  width,  with  .t  j. 
each  --walk  and  |>: 

*h«.uld  not 
ii  :u..l  usually  t  !,.->   Mill  not  exceed  80  ft. 
KcMerUial  Street*.—  The  function  of  the  residential  street  » 
>  i  access,  light  an«l  air  to  the  abuttcra.     Traffic  ahoukl 
be  confined  to  pleasure  vehicles  and  the  delivery  of  4"mfirtfr 
supplies. 

In  the  industrial  eonmiumty  residential  streets  may  vary  some- 

what  in  character.    'A  large  part  of  the  building*  facing  on  one 

street  may  be  apart  ment  dwelling*,  on  another  the  larger  hones 

•H-iiiiT.-nd.-M--.  t-  nid  the  like,  and  on  another  the 

less  expensive  homes  of  the  unnkilled  laborvr.    The  rraidenU 

on  die  first  two  streets  will  desire  and  will  be  able  to  pay  for 

streets,  and  consequently   it   may  be  desirable  to  give 

them    extra   width   to   allow   for   planting  and  for  the 

amount  of  trallie  which  stieh  di-triet-  \\ill  '.quire.     Such 

may  be  from  50  to  80  ft.  in  width  l»ut  ordinarily  will  not 

Tin-   design   given   U>low  is   well  adapted   to  the 
iinportant  residential  -M.  <  t-  in  many  iridu-rrial  devclopmenta. 

Two  sidewalks  and  plnntmu 
Two  lines  of  parked  vehicle* 
Two  lines  of  trnrti. 

Total  00  fret 

-  design  provides  a  roadway  of  34  ft.,  with  a  sidewalk 
and  planting  space  on  each  side  of  lit  ft. 
A  more  pretentious  design  is  as  follows: 

Two  sidewalks  and  planting  xtrii*  26  feet 

Two  linos  of  parked  vehicle**  16  fest 

Two  lines  of  traffic  1* 

Central  pUntingntnp  .         • 


By  far  the  greater  numU-r  of  people  live  on  what  may  be 
called  minor  residential  streets,  which  are  side  streets 
1,  sub-arterial  and  principal  residence  streets. 
streets  should  seldom  be  less  than  40  ft.  in  width,  rxo 
special  cases,  such  as  hillside  streets  with  dwelling*  facing  on 
one  side  only.     This  width  of  40  ft.  is  required  in  order  to  give 
a  desirable  amount  of  light  and  air  and  to  present  a 
appearance, 
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The  paved  portion  of  such  a  street  should  never  be  less  than 
18  ft.  in  width  and  many  engineers  are  recommending  20  ft.  as 
a  de>irul»le  minimum.  This  width  allows  two  vehicles  to  pass  at 
a  fair  rate  of  speeds  without  danger  of  crowding  the  curb.  In 
a  typical  40-fi.  minor  n-si. Initial  street,  20  ft.  is  allotted  to  paved 
surface  and  20  ft.  to  planting  strips  and  sidewalks. 

PAVEMENT  DESIGN 

The  principal  details  of  design  center  about  the  important 
items  of  grade,  foundation,  subsurface  and  surface  drainage. 

Grades. — The  subject  of  grades  has  been  touched  on  in  the 
preceding  chapter  but  will  l>e  discussed  here  in  more  detail. 
This  question  must  of  course  be  considered  in  making  the  lay- 
out for  a  town,  but  it  again  becomes  one  of  the  important  engi- 
neering considerations  in  the  design  of  the  pavement.  Tins 
illustrates  the  necessity  of  developing  all  parts  of  the  design  of 
an  industrial  community  under  one  organization  and  head,  in 
order  that  such  problems  may  be  well  coordinated  and  the  utmost 
economy  secured. 

While  much  of  the  present  day  hauling  is  done  by  motor 
trucks,  which  can  climb  grades  that  are  too  steep  for  heavy 
horse-drawn  vehicles,  the  latter  are  still  used  to  some  extent. 
Therefore,  on  arterial  streets,  subject  to  this  kind  of  traffic,  the 
heavy  horse-drawn  vehicle  limits  the  maximum  grade.  For  a 
heavy  team,  operating  without  brakes,  5  per  cent,  is  the  steepest 
grade  which  can  safely  be  used,  and  this  should  not  be  exceeded 
on  streets  carrying  heavy  traffic  in  localities  where  it  is  not 
customary  to  use  brakes. 

The  cost  of  hauling  also  enters  into  the  determination  of 
the  maximum  grade  of  arterial  streets,  as  this  increases  very 
rapidly  as  the  grade  increases.  Wherever  it  is  at  all  possible, 
5  per  cent,  should  be  set  as  the  maximum  for  arterial  streets, 
and  this  grade  should  be  exceeded  only  for  very  short  distances 
on  sub-arterial  streets;  less  than  this  is  of  course  very  desirable. 

Important  residential  streets  should  not  be  laid  out  where 
it  is  not  possible  to  keep  the  grade  down  to  about  the  limit 
mentioned  above.  On  minor  residential  streets  the  grades  may 
at  times  be  as  great  as  10  per  cent,  for  a  short  distance,  but, 
except  under  very  unusual  circumstances,  should  not  exceed  this. 
Seven  or  eight  per  cent,  is  considered  a  desirable  maximum  for 
such  streets. 
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In  Homo  industrial  communitim,  the  selection  of  the  type  of 

u§  restricted,  due  to  some  special  condition  such  m 

'  certain  material.    The  maximum  allowable  grade 

then  will   bo   determined  m  that   which  is  nuitable  for  tin 

indicated  type  of  pavement    The  following  table  give*  the 

maximum  allnwaM.   grade*  for  different  kinds  of  pavement,  a* 

recnmmrii<iril   t»y  I  In-  S|MM-I:I!   <  '« •inmKli  •••   <-i.    M.if.fivl     ''••:    !:«.•! 

Constructi..n  :ui.i  on  Bfeu  ->r  their  Test  and  Use  of  the 

il  1'jsgineeni  in  iU  final  report : 

TAULK  11.— MAXIM,  u    AMXIWAJIIJI  GKADK*  ru» 


i4«fpmMM 

' 

• 

inous  ooncrrtr 
Hit  nninoua  macadam.. 
Cement  concrete.  .  . 

i. 

1 

.inous  surface  on  gni\«  1 
Sheet  asphalt. 

Brick—  bituminouH  filN-r 
Brick—  cement  gn>ut  fillrr 
Stone  block—  gn.ut  till,  r 

l 

Foundations.  Tin-  stability  and  permanence  of  a  pavement 
depends  to  a  great  extent  on  the  stability  of  the  foundation.  If 
M  i-  wr:ik  ••!  uiiMaMr.  rut.s  and  tlopreasions  form, 
and  the  pavement  «i  cs  rapidly. 

The  essential  precautions  whirh  must  be  taken  in  order  to 
insure  a  good  foundation  are  as  follows: 

1    Ilomoval  of  vegetable,  perishable  and  yielding  material 
...rough  comp:  the  subsoil  wilh  heavy  roller. 

3.  Drainage  of  the  subsoil. 


lir-i  two  items  are  self-explanatory.  The  third,  which  u» 
of  prime  importance,  \\ill  U-  covnvtl  m  the  next  section.  Every 
load  which  comes  u|*m  the  pavement  must  be  carrutl  ultimately 
l.y  tt  uli  .  lit  ncc  it  is  of  the  greatest  importance  that 

this  be  suHuit  ntly  -trong  and  stable  to  carry  the  greatest  load 
wiii.-h  it  will  be  called  upon  to  bear. 

Very  few  States  have  as  yet  fixed  the  allowable  loads  on  high- 
ways, but  many  are  now  considering  this  problem.     In  a  short 
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time  we  may  expect  to  see  reasonable  limits  established,  which 
will  prevent   the  occasional  extremely  heavy  loads  which  h 
destroyed  a  large  numlxM-  «>f  pavements  and  fnundal  inns. 

It  is  often  necessary  to  use  an  artificial  foundation,  due  t<>  fills, 
yielding  or  spongy  material,  or  material  ,.f  a  p"ri>haMe  nature, 
or  to  support  a  wearing  surface  incapaMe  <,f  taking  bending 
stresses.  The  materials  frequently  used  for  such  foundations 
are  lump  slag,  broken  stonr.  travel,  rough  stone,  or  cement  con- 
crete. The  first  three  are  ordinarily  used  as  in  a  macadam  road, 
being  well  consolidated  under  the  roller;  the  wearing  surface  is 
then  laid  upon  the  foundations.  Rough  stone  is  not  to  be  recom- 
mended, except  in  special  cases.  The  present  high  cost  of 
Telford  construction,  together  with  its  disadvantages  cause  it  to 
be  less  favorably  considered  in  most  sections  of  this  country. 

Cement  concrete  is  the  most  widely  used  artificial  foundai  inn. 
and  a  most  satisfactory  one.  It  furnishes  a  smooth  unyielding 
surface  for  the  laying  of  the  wearing  course,  is  strong  enough  to 
properly  distribute  the  imposed  load  on  the  subsoil,  and  under 
proper  conditions  is  practically  permanent.  It  is  used  to  a  great 
extent  as  a  foundation  for  asphalt,  bituminous  concrete,  and 
brick  and  block  pavements  which  would  rapidly  break  up  if  not 
supported  by  a  rigid  base.  Concrete  for  a  foundation  need  not 
be  of  as  good  quality  as  when  used  for  a  pavement  without  a 
wearing  surface,  and  it  need  not  be  so  well  finished.  Mixtures 
as  lean  as  1 : 3 % :  7  have  been  used,  although  1 : 2% :  5  is  recom- 
mended, except  under  unusually  favorable  conditions.  It  is 
constructed  as  later  described  under  "Cement  Concrete  Pave- 
ments." 

Subdrainage. — As  previously  stated,  no  matter  what  the 
paving  surface  of  a  street  may  be,  the  load  which  the  traffic 
imposes  on  it  must  ultimately  be  carried  by  the  subgrade.  This 
must  be  stable  or  the  pavement  will  ultimately  break  up,  and  t  he 
money  expended  for  it  will  be  lost.  The  supporting  power  of  t  he 
subgrade  is  to  a  great  extent  reduced  when  it  becomes  wet,  and 
hence  it  is  necessary  to  keep  it  as  nearly  dry  as  possible  at  all 
t  imes.  This  is  true  in  all  climates,  and  especially  so  in  those  sub- 
ject to  severe  frosts,  as  a  wet  subgrade  which  freezes  expands 
sufficiently  to  break  the  strongest  pavement.  It  cannot  be  too 
strongly  emphasized  that  it  is  useless  to  build  good  pavements 
without  making  careful  provision  for  carrying  off  the  ground 
water  as  rapidly  as  it  accumulates. 
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To  take  care  of  the  water  that  reaches  the  subgrade,  a  system 
of  drainage  is  needed.    This  ahould  be  carefully  **ffftgnf< 
competent  engineer,  in  order  to  be  sure  that  it  will  nerve  the 
.1.1.  iir  nded.    There  are  several  types  of 

drainage;  such  as  simple  ditches,  or  an  elaborate  system  of 
aide  and  cross  drains,  consisting  of  pipe  laid  in  some  material 
like  broken  stone,  which  readily  conducts  water. 

Underdrains  are  especially  important  where  the  soil  is  of  such 
a  nature  as  to  hold  water,  or  to  prevent  its  draining  off  naturally, 
is  clay.    On  a  sand  or  gravel  foundation  the  drain  at  times 
may  bo  omitted,  but  only  when  this  in  sanctioned  by  competent 
<«ring  advice.     Details   of  the  method   of   subdrainage 
«I  in   the  Loveland  Farms  Development   are  given  in 
18;  effect i \r  Milxirainage  is  provided  for  by  constructing 
a  broken  stone  and  tile  drain  under  each  curb,  which  dis- 
charges into  the  storm  inleto  and  to  which  the  sidewalk  sub- 
base  is  connected  at  frequent  intervals. 

On  u  rum  r faced  streets,  not  completely  improved,  like  lanes  or 
country  road*,  the  surface  and  subgrade  drainage  is  ordinarily 
taken  care  of  by  means  of  deep  ditches  on  each  side  of  the  pave- 
ment. If  the  street  is  on  a  side  hill,  it  is,  of  course,  necessary  to 
const  run  the  .  !:•.•!»  on  the  upper  side  only,  thus  cutting  off  the 
ground  \\.it.-r  \\ln.-li  u<»nM  otherwise  seep  under  the  pavement. 
These  ditches  should  be  kept  to  grade  and  should  have  enough 
slope  to  carry  off  the  water  qui<  kly .  otherwise  it  mill  pool  and 
saturate  the  road  bed,  making  conditions  worse  than  as  if  no 
ditches  had  been  constructed.  On  the  other  hand,  preen 
must  also  be  taken  not  to  carry  water  too  great  a  distance  in 
side  ditches  with  steep  grades,  as  there  will  be  serious  danger  of 
undermining  the  roadU-d.  In  :i  flat  country,  n  difficult 

to  secure  sufficient  fall  t<>  provide  a  good  run-off  without  making 
the  ditches  very  deep,  unsightly  and  dangerous.  It  may  then 
be  preferable  to  construct  pipe  drains. 

A  common  method  is  to  const  met  blind  side  drains,  connecting 
with  a  til,-  pipe  laid  with  ojx-n  joints,  leading  to  the  storm  water 
inlrt.  These  drains  may  be  about  18  in.  wide  and  24  in.  deep, 
and  filled  \vith  broken  stone,  slag,  gravel  or  some  other  porous 
uil.  The  site  of  pipe  whi.-h  is  lined  in  these  trenches  is 
ordinarily  4  in.  or  6  in.,  the  former  being  the  more  common. 
The  sise  may  be  calculated  in  the  usual  manner,  from  the  amount 
of  wa  •  carried  and  the  grade  available.  If  water  origi- 
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nates  under  the  street-  or  mad.  the  drains  may  start  at  tin-  renter 
and  run  to  the  side  in  the  shaj>e  of  a  V.  />.,  in  a  herriim-honc 
system.  Drains  must  also  be  constructed  along  the  sides  to 
carry  off  the  water. 

Frequently  large  drains  are  constructed  along  the  side  of  the 
pavement .  which  are  the  same  as  the  side  drains  described  above, 
except  that  the  pipe  is  omitted,  and  that  larger  stone  ifl  u-ed  in 
the  lower  part  of  the  drain.  The  system  is  eheaper  than  the 
tile  drain  system,  but  is  more  likely  to  clog  up  with  silt  and 
become  ineffective. 

Surface  Drainage. — Surface  drainage  is  taken  care  of  by  slop- 
ing the  pavements,  so  that  water  will  run  along  it  longitudinally, 
and  by  crowning  the  pavement,  so  that  water  will  be  carried 
to  the  sides  of  the  roadway.  The  minimum  longitudinal  grade, 
which  is  sanctioned  by  American  practice,  is  0.25  percent.; 
less  than  this  will  not  provide  for  removal  of  surface  water  and 
deterioration  of  pavement  will  result.  For  water-bound  maca- 
dam construction,  it  is  advisable  to  make  this  minimum  0.5 
per  cent. 

The  camber  or  crown  which  throws  the  water  to  the  sides  of 
the  roadway  varies  with  the  type  of  pavement,  and  in  water- 
bound  macadam  also  varies  with  the  grade  of  the  street.  The 
maximum  and  minimum  crowns  recommended  by  the  Special 
Committee  on  Materials  for  Road  Construction  and  on 
Standards  for  their  Test  and  Use  of  the  American  Society  of 
Civil  Engineers  are  given  in  the  following  table: 

TABLE  12. — MAXIMUM  AND  MINIMUM  CROWNS  FOR  PAVEMENTS 


Kind  of  roadway 

ii,rin-ii«lc(l  r-rown  —  inches  to 
foot  width 

Maximum 

Minimum 

Gravel  

1 
% 

VL 
K 
K 
K 
K 

H 
Y* 
YL 

M 
H 
X 

YL 

X 
Yt 

y* 

K 

X 
H 

Broken  stone  
<•  block  
Bituminous  surface 
Bituminous  macadam  
Bituminous  concrete  
Cement  concrete  
Brick 

Sheet  asphalt 
Woodblock. 
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Catch  Banns  and  Inlet*. — Catch  basins  and  drop  inlet*  am 
necessary  to  intercept  the  water  earned  by  the  gutter*  and 
the  Htonu  water  drains.    The  design  and  coostruc- 
of  these  are  covered  under  Chapter  V 1 1 

TYPE  AND  MATERIALS  OF  PAVEMENT 

The  object  of  a  paver  o  secure  a  watertight  covering  for 

tli<  !..un<laM,.M.  and  to  provide  a  smooth  surface  on  which  traffic 
may  move  cattily,  safely  and  at  a  low  cost. 

Selection. — The  qualities  of  a  good  pavement  may  bo  stated 
as  follows: 

LOW  first  COBt  and  low  miuntjrnfrt^. 

Durability, 

Sanitary  and  easily  cleaned. 

Smooth  but  not  >li|>!»  ry,  offering  low  resistance  to  traffic, 

In  :i.Miii..M  IM  these  qua!  -hotild  t>e  acceptable  to  those 

residing  or  doing  business  on  t  h<  M  nt>t.    The  term  "acceptable" 

m.  lades  also  "noiselessnesB"  of  tm»  pavement.    Thia  is  often  a 

nii|M>rtaiit  consideration,  especially  along  residential  streets 

and  to  a  less  degree  on  certain  retail  business  streets.    For 

•MI -If,  a  stone  block  pavement,  although  it  possesses  many 

desirable  qualities,  would  not  be  desirable  for  a   residential 

No  pavement  perfectly  meets  all  the  requirements  stated 
above,  and  it  is  necessary  to  carefully  select  the  pavement  which 

TABUS  13.  -RKLATTTR  WEIQHTB  or  VARIOUS  ITKMI  IN  TUX  IDBAL  PAYBMBKT 


Fintrmit 

1 
15 

• 

Dural»lit\ 

n 

Low  coat  of  tnaintctuuice 

Kaac  of  cleaning 

Sanitary  qu     • 

10 

10 

N 

• 

1 

1 

n 

1 

Acceptability 

10 

1 

Total  . 

100 

100 

rjs 
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most  nearly  approaches  theae  requirements  under  the  conditions 
which  exist.  In  order  to  make  this  compim-on,  a  table  for  (he 
ideal  pavement  m.ty  l><  worked  out,  assigning  a  certain  percentage 
to  each  of  the  <ju:ilities  in  proportion  to  the  relative  inijKjrtance 
of  each.  The  sum  of  these  percent ap-s  will,  for  the  ideal  pave- 
ment, be  100,  and  the  various  types  may  be  com  pared  to  this 
standard, and  thus  the  most  suiiaMeone-el-vted.  The  preceding 

table   indicates    these    relative    values    for    the    residential     streets 

of  an  industrial  development.  The  values  which  are  assigned 
below  are  not  absolute,  and  should  be  modified  to  suit  conditions. 
As  an  example  of  the  use  of  this  method  in  determining  the 
t  y|>e  of  pavement  to  l»e  used,  a  cement  concrete  and  a  bituminous 
concrete  pavement  for  use  on  a  residential  street  will  be  considered 
in  the  table  below: 

TABLE  14. — COMPARATIVE  VALUES  OP  ITEMS  POR  A  CEMENT  CONCH 
AND  A    BITUMINOUS  CONCRETE  PAVEME 


Qualities 

Cement 

C(.IHT<  (<• 

Bituminous 
concrete 

First  cost  

8 

Durability  

18 

17 

Ease  of  maintenance 

11 

9 

Ease  of  cleaning. 

12 

12 

Sanitary  qualities.  . 

0 

0 

Non-slipperiness  

5 

5 

Low  tnu-tivc  n-sistanor. 

10 

9 

Acceptability  

7 

9 

Total                                                                    

81 

78 

It  will  be  noted  that  the,  above  statement  for  these  pavements 
compared  with  the  ideal  is  good  only  for  the  conditions  assumed 
in  rating  the  various  qualities  of  the  ideal  pavement.  The 
value  obtained  for  these  assumed  conditions  is  very  high,  for 
cement  concrete  and  may  not  be  exceeded  by  any  other  pavement. 
If  the  conditions  were  changed  somewhat,  so  as  to  give  "Accept- 
ability" a  higher  value  and  "First  Cost"  a  lower  value  in  the 
rating  of  the  ideal  pavement,  asphalt  or  bituminous  concrete  on  a 
ec-inent  concrete  base  might  be  about  as  great  as  the  concrete 
pavement.  The  selection  of  the  type  of  pavement  to  be  used 
under  each  set  of  conditions  should  be  made  only  after  a  careful 
engineering  study  of  the  various  items  affecting  it,  but  the 
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•d  outlined  above  indicates  the  mnnnrr  in  which  the  final 
selection  should  be  made. 

Local  Materials.-  1  he  material  readily  found  in 

the  vicinity  may  be  used  for  Mroet  surfacing,  particularl 
those  not  designed  for  heavy  traffic  or  in  the  early  beginning  of 
a  now  de\  I  m|>osed  conditions  on  industrial  War  towns 

made  such  imperative  many  times. 

ih  Roads.— Where  first  cost  is  of  the  utmost  importance  it 
may  be  necessary  to  utilizo  the  existing  soil  as  the  roadway  sur- 
face. The  disadvantages  of  this  are  obvious.  The  street  will 
U-  mudd\  in  wet  weather  and,  unless  oiled,  dusty  in  dry;  it  ruu 
badly  even  under  favorable  conditions;  it  offers  a  high  rosistinoo 
to  traction,  i*  insanitary  and  presents  a  poor  appearance;  and 
the  cost  of  maintenance  necessary  to  keep  the  road  passible  is 
as  great  as  for  a  more  satisfactory  pavement . 

first  cost  is  of  course  low,  as  it  is  only  necessary  to  construct 

drains  and  prepare  and  shape  the  road  as  for  a  foundation,  re- 

•  -  tin-  snftrr  mat.-rial  and  the  stones.    On  a  gravelly  soil 

.-suits  may  be  obtained  by  this  method,  but  in  clay  it  i* 

usually  quite  unsatisfactory. 

Sand-clay  Roads. — When  clay  or  sandy  soils  predominate,  and 
necessary  to  keep  costs  to  the  lowest  possible  point,  a  sand- 
clay  surface  may  at  times  be  built.  This  type  is  open  to  the 
same  objections  as  the  earth  to  a  lesser  degree.  The  success 
or  failure  ••:"  these  roads  depends  upon  the  mixture  of  sand  and 
clay.  Field  and  lab.  examinations  should  be  made  to 

•:iiii.-  the  proper  proportions. 

Sand-clay  roads  should  be  located  so  that  they  will  receive 

1  hours  of  sunliuht  durum  the  day,  in  order  that  they  may 

dry  quickly.     They  should  bo  thoroughly  drained,  and  the  crown 

<h.  >uld  be  sufficient  to  carry  all  water  quickly  to  the  side  of  the 

road.    The  subgrade  should  be  left  flat,  or  nearly  so. 

The  clay  and  sand  are  mixed  by  ploughing;  the  sand  is  spread 
on  the  ploughed  .-lay  or  vice  versa,  and  the  surface  is  harrowed, 
shaped  and  sometimes  rolled  with  a  light  roller.  The  mixturr 
sh«»uld  be  5  or  6  inches  thick  at  the  sides  and  7  or  8  inches  at  the 
cent 

-an.  I -.-lay  road  is  not  durable  nor  very  satisfactory  for 
a  town  or  village,  and  can  only  be  considered  as  a  temporary 
expedient.  The  hauling  incidents!  to  the  construction  of  the 
utilities  and  houses  is  heavy  enough  to  necessitate  the  entire 

0 
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rebuilding  of  such  a  road  surface,  and  hence  it  is  not  t».  1  .  i,,,. in- 
mended  except  under  unusual  conditions. 

Gravel  Roads. — The  gravel  road  is  low  in  cost  and  may  fre- 
quently be  recommended  for  minor  residential  streets  as  best 
suiting  all  conditions  where  first  cost  is  a  predominating  factor. 
Gravel  is  locally  obtainable  in  many  places;  is  cheap;  and  by 
proper  proportioning  may  be  made  fairly  satisfatory  as  a  surfacing 
material.  Beach,  lake  or  river  gravel  is  not  suitable  for  this  pur- 
pose, due  to  its  smooth  surfaces  and  lack  of  binding  material. 
Unscreened  bank  gravel  is  often  used,  but  this  should  only  be 
done  when  approved  by  a  competent  highway  engineer. 

In  constructing  a  gravel  street  surface  the  subgrade  should  be 
prepared,  as  for  other  types,  by  removing  all  soft  or  vrn< -tabl<. 
material,  and  by  thorough  rolling.  Close  attention  should  be 
paid  to  the  drainage  of  the  subsoil  and  to  the  removal  of  surface 
water.  The  gravel  is  then  spread  on  the.  st  wet,  care  bcin^;  taken 
to  spread  it  evenly.  Stone  larger  than  1J£  in.  should  not  be  used. 
A  crown  of  %  in.  per  foot  is  ordinarily  used,  though  this  is 
sometimes  decreased  somewhat.  The  material  is  then  wetted 
and  rolled  until  thoroughly  compacted. 

This  type  of  pavement  is  not  suitable  for  any  considerable 
amount  of  motor  traffic.  When  this  does  not  occur  it  can  be 
maintained  quite  cheaply,  but  this  requirement  rules  it  out  for 
all  except  the  less  important  residential  streets. 

Miscellaneous  Materials. — In  various  sections  of  the  country 
other  natural  materials  have  been  used  to  considerable  extent 
and  with  more  or  less  success.  Among  these  may  be  mem  ioned 
chert,  beach  shells  and  shale.  These  as  a  rule  have  been  em- 
ployed more  extensively  on  country  roads  than  on  town  or  city 
streets,  and  are  in  fact  better  adapted  to  such  use. 

Prepared  Material. — Water-bound  Macadam. — Water-bound 
macadam  is  similar  to  gravel  surfacing,  but  constructed  with 
crushed  stone  of  suitable  sizes  in  place  of  gravel.  It  is  not  a 
durable  type  where  subjected  to  a  considerable  amount  of  motor 
traffic,  as  the  fast  moving  wheels  suck  the  fine  binding  material 
from  between  the  stones  and  cause  the  pavement  to  ravel  and 
disintegrate.  It  may  be  used  for  minor  residential  streets, 
where  such  traffic  is  light,  but  under  any  other  conditions  the 
cost  of  maintenance  is  excessive,  and  the  annual  cost  per  square 
yard  is  much  higher  than  for  more  durable  types  of  pavement. 

In  laying  water-bound  macadam  the  interstices  are  filled  with 
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Kinall  particle*  ami  with  stone  dust,  sprinkled  and  rolled  until 
•md  hard.     It  i*  ordinarily  constructed  in  two  layer*.    Hie 
lower  layer  is  of  larger  stone,  and  of  ••*•  of  from  '• 

in.  depending  "!-'••  the  subsoil  and  the  amount  and  character 
of  tho  traffic.     The  upper  course  is  usually  abon  lu.k. 

The  site  of  the  crushed  stone  may  range  from  1>£  to  3  in.,  ae- 
cording  to  tl,.-  quality  ami  .  luiractcr  of  the  stone,  and  th. 
and  amount  of  trahV.  In  the  selection  of  the  broken  stone  or 
dag  fur  tho  upper  course,  toughness,  resistance  to  abrasion, 
shape,  cementing  quality,  and  cleanliness  should  be  considered. 
Laboratory  test*  to  determine  these  qualities  should  be  made  on 
a  stone  whose  chanu  known. 

1  i  or  %  in.  per  foot  is  used.  On  steep  grades  the 
greater  crown  is  recommended,  in  order  that  water  may  be  car- 
ried t«  nters  quickly  and  nut  run  down  the  street  on  tho 
macadam  surface,  causing  the  binding  material  to  wash  out  and 
the  surface  to  disintegrate.  Although  sometime*  used, 
not  desirable  that  this  type  bo  employed  on  grades  greater  than 
5  per  cent.,  because  of  th 

A  surface  treatment  of  light  refined  tar  or  asphaltic  oil  is  of 
value  in  t< -ndinir  :it  the  pavement  from  ravelling.    The 

oil  should  he  applied  by  a  pressure  sprinkler,  and  then  covered 
with  sharp  coarse  sand. 

Macadam  with  Tar  or  Asphalt ic  Surface. — This  type  of  surface 

-bound  macadam  makes  it  better  able  to  withstand  the 

effects  of  rapid  motor  vehicle*.     It  Ls  mt her  .slippery,  and  should 

not  IKS  used  on  grades  above  4  per  cent     It  also  tends  to  creep, 

forming  ridges  across  the  roadway,  unless  very  carefully  eon- 

control. 

In  order  to  apply  a  surface  of  this  kind,  the  roadway  must  be 
Swept  clean,  in  order  to  remove  all  the  surface  dirt  and  the 
a  depth  of  i £  to  >j  in.-h  U  low  the  top  of  the 
Amenta.    On  thi>  .-leaned  surface,  a  heavy  refined  tar 
or  an  asphalt  i.-  residuum  is  spread  hot,  and  the  roadway  is  then 
covered  with  a  layer  of  stone  screenings,  and  thoroughly  rolled. 
minou*  Macadam.— This  type  has  a  wearing  course  of 
macadam  with  the  interstices  of  the  stone  filled  with  a  bitumin- 
ous binder.     It  is  usually  must ructed  on  a  broken  stone  base, 
prepared  in  the  same  manner  as  the  lower  course  of  water-bound 
macadam.     I  f  this  elate  have  also  bean 

having  bot  h  eourses  bound  with  a  bituminous  filler. 
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of  the  stone  for  the  wearing  course  should  !><•  considered  .-is  f..r 
water-bound  macadam,  except  for  cementing  pn\\<  r.  Tin-  M 
should  also  have  a  rough  surface,  so  that  the bituminous  man -i -ial 
will  adhere  to  it.  Tin-  larger  stone  fragments  should  l>e  1  to  2J£ 
inches  in  size,  depending  on  the  depth  of  the  course.  This  is 
spread  and  rolled.  Then  a  heavy  grade  of  refined  tar,  bitumin- 
ous  residuum,  or  fluxed  asphalt  is  poured  hot  into  the  voids,  so 
that  each  stone  is  covered  with  a  thin  layer  of  bituminous  ma- 
ial.  Care  should  be  taken  that  an  excessive  amount  is  not 
used,  as  this  causes  the  surface  to  creep,  forming  waves  which 
are  extremely  unpleasant  to  ride  over.  • 

A  layer  of  J4  mcn  stone  or  dust  less  screenings,  is  spread  over 
the  surface,  and  broomed  and  rolled  until  the  voids  are  filled. 
A  thick  coat  of  bituminous  material  is  then  usually  applied,  and 
a  thin  layer  of  sand  or  fine  screenings  is  then  scattered  on  this. 
The  depth  of  the  top  course  is  usually  2%  to  3  inches.  The 
crown  should  be  from  y±  in.  to  Ji  in.  per  ft. 

Bituminous  macadam  does  not  wash,  is  comparatively  dustless, 
and  is  fairly  easy  to  maintain.  It  makes  a  very  com  fort  a  Me 
riding  road  for  fast  vehicles,  and  if  a  flush  coat  is  not  used  it  is 
not  slippery.  It  is  not  durable  enough  for  heavy  traffic,  but 
stands  up  well  under  moderate  loads. 

Bituminous  Concrete. — This  type  of  pavement  is  composed  of 
a  mixture  of  broken  stone,  trap  rock,  gravel,  gneiss,  or  slag  ag- 
gregate and  a  bituminous  cement,  laid  as  a  wearing  course  over 
a  base  of  water  bound  or  bituminous  macadam  or  cement  con- 
crete. The  mixture  is  prepared  in  specially  designed  equipment 
and  mixed  after  heating  the  bitumen  to  the  proper  temperature, 
and  preferably  after  heating  the  aggregate. 

There  are  three  distinct  classes  of  bituminous  concrete  pave- 
ments in  use  today,  which  may  be  briefly  described  as  follows: 

First. — A  hitiminous  concrete  pavement,  having  A  mineral  aggregate 
varying  in  size  from  about  %  in.  to  1>£  in.,  or  as  the  material  is  re- 
ceived from  the  crushing  plant  after  screening  out  larger  sizes. 

Second. — A  bituminous  concrete  pavement  having  a  mineral  aggre- 
gate similar  to  the  first  class  but  with  the  addition  of  sand,  stone  screen- 
ings or  similar  material. 

Third. — A  bituminous  concrete  pavement  having  a  definite  mechani- 
cally graded  aggregate  of  broken  stone,  slag,  etc.,  with  or  without  sand 
or  other  fine  inert  material.  The  sizes  of  mineral  aggregate  in  this 
class  vary  by  definite  percentage  from  dust  to  about  1  in. 
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The  first  class  represents  perhaps  the  most  common  form  of 
thin  type  of  pavement  in  use  and  require*  somewhat  lew  skill  in 
preparation  to  get  natuifactory  romilu  than  do  either  of  the  other 
two.  The  second  clan*  is  harder  to  control  in  securing  ui> 
results  and  therefore  i*  not  so  extensively  used.  The  third  clam 
haa  found  extensive  and  satisfactory  use  and  includes  several 

The  scientific   grading   of 
mineral  aggregate  as  called  for  in  this  class,  produces  a  pavement 

of  nn-ater  tleiiMt\   :in«l  m«.r.-  unih.nii  «|u:ili!\    tfcsM  tfe    oMlSl   '•'.•.. 

^ocure  the  best  result*,  the  bituminous  materials  must  be 

carefully  selected  in  the  light  of  past  experience,  and  used  under 

laU.ratory  control,  tlie  material  used  generally  being  asphalt 

cement*  or  r«  ;•-.     This  phase  of  the  subject  is  highly 

.  and  will  not  now  be  expanded.    The  materials  for 

bituminous  concrete  paving  may  be  mixed  by  hand,  but  it  « 

:•  to  use  nmctiinc  heating  and  mixing  methods,  as  a  more 

uniform  product  is  obtained.    It  is  impracticable  to  lay  this 

surfacing  in  wet  or  roM  \\eather. 

After  ill.-  material  is  placed  on  the  road  it  is  rolled,  while  still 
warm  and  pliaMe,  to  tho  desired  thickness,  usually  2  or  2>j 
inches.  Rolling  should  U-nin  at  tin-  edges  and  continue  toward 
the  center,  and  should  bo  done  with  a  10-ton  tandem  roller. 
When  the  roller  makes  no  ridges  on  the  concrete,  a  seal  coat  of 
bituminous  cement  is  usually  applied  to  the  surface,  in  quanti- 
ties of  %  to  1  gallon  per  square  yard,  and  the  surface  is  then 
covered  with  stone  chips  and  again  rolled. 

Bituminous  concrete  on  a  cement   concrete  base  makes  an 
pavement.     It   is  smooth,  at t raetive  in  appearance, 
and  when  pr<  lilt   is  fairly  easy  to  maintain.     It  is  not 

so  slipppery  as  sheet  asphalt,  \\hi.-h  it  rcflcmhles  in  many  of  its 
characteristics.     It  is  comparatively  hiirh  in  first  c«. 
often  prevents  its  use  in  industrial  development*,  and  is  not 
a  Mr  i  uely  heavy  traffic,  but  under  the  usual  traffic  of  reai- 

reets  stands  up  u<  11. 

It  is  often  constructed  on  a  base  of  macadam  or  bituminous 

•  •te  differently  j  -ie«l.  but  the  resulu  are  not  quite 

as  satisfactory,  and  the  annual  maintenance  cost  per  square  yard 

is  greater,  as  the  fmm.Ut  ion  must  be  renewed  from  time  to  lime. 

Cement  Concrete. — Cement  concrete  pavements  have  been 
rapidly  romini;  ii  in  the  last  few  years,  and  at  the  pres- 

ent  time  large  quantities  of  this  type  are  being  constructed. 
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From  past  records,  it  has  been  evident  thai  ehrap  pavements  are 
much  too  expensive  to  maintain  on  streets  carrying  any  eniisider- 
able  amount  of  traffic,  and  the  concrete  pavement,  probably 
more  nearly  than  any  other,  represents  the  mean  between  maca- 
dam surfacing  with  high  maintenance  costs,  and  the  expensive 
block  pavements,  and  sheet  surfacing  over  heavy  foundations. 

Concrete  pavements  may  be  made  in  either  one  or  two  courses, 
hut  the  present  tendency  is  to  use  the  former.  In  two  course 
work,  the  bottom  course  usually  has  an  j.  e  of  a  liu 

and  is  sometimes  of  a  leaner  mixture.  In  this  method  of  con- 
struction there  is  some  danger  of  the  upper  course  separating 
from  the  lower,  with  consequent  disintegration.  Concrete  pave- 
ments of  the  one  course  type  are  usually  built  from  5  to  8  inches 
thiek,  common  practice  being  to  make  them  6  in.  thick  at  tin- 
outside  and  8  in.  thick  at  the  center  of  the  road. 

Concrete  is  usually  mixed  in  the  proportion  of  one  part  Port- 
land cement  to  two  parts  sand  and  three  parts  crushed  stone,  or 
gravel.  It  should  be  emphasized  that  in  the  construction  of 
cement  concrete  pavements  the  selection  of  only  the  best  of 
aggregates  is  of  prime  importance.  In  order  to  wear  uniformly 
the  mixturn  must  be  as  dense  and  strong  as  possible  arid  this 
means  that  only  good  clean  material,  showing  high  abrasion  test 
and  graded  in  sizes,  must  be  secured.  Crushed  trap-rock,  granite 
or  hard  limestone  are  better  than  gravel  for  this  purpose.  The 
cement  should  be  subjected  to  laboratory  tests  to  insure  best 
quality. 

After  grading  and  compacting  the  subgrade,  it  is  pla«<d 
on  the  road,  where  it  is  spread  to  the  required 'depth  and 
lightly  tamped  at  the  same  time.  After  the  concrete  has  started 
to  set,  it  is  finished  either  by  hand,  by  the  use  of  a  roller  and  belt , 
or  by  a  tamping  and  finishing  machine.  The  use  of  a  finishing 
machine  is  desirable,  but  excellent  pavements  may  be  const  met  ed 
by  the  roller  and  belt  method.  Hand  finishing  by  floats  is  not 
quite  so  satisfactory,  as  slight  depressions  in  the  pavements  are 
unavoidable  when  this  method  of  construction  is  used. 

In  city  and  town  work  the  curb  is  often  poured  integral  with 
the  pavement  itself.  This  is  considerably  cheaper  than  using 
a  stone  curb,  as  well  as  presenting  a  better  appearance.  The 
crown  of  a  concrete  pavement  should  preferably  not  exceed  Y± 
in.  to  the  foot,  and  may  be  as  little  as  }{$  in.  to  the  ft. 

Vertical  joints  to  take  care  of  temperature  changes  are  ordi- 
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narily  placed  from  30  to  50  ft.  apart, 
rnn.|itiMiui.    T^OH«  joimii  iihould  be  aliout 

uith  a  i.iiiiiiiiuouA  cuinimuna.    There 


eoroe  tendency  away  from  using  *urh  joir 

to  stop  the  work  for  a  time,  and  at  the  end  of  a  day's 


run. 


Concrete  pavements  are  constructed  both  »ith  and  without 
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steel  reinforcement.  In  climates  having  considerable  ran 
temperature,  or  where  the  subgrade  conditions  are  not  t  he  1  est , 
it  is  commonly  used.  The  weight  and  amount  of  tin-  reinforce- 
ment is  a  matter  for  careful  engineering  study.  This  is  usually 
in  the  form  of  woven  wire  or  expanded  metal  and  is  placed 
near  the  center  of  the  slab. 

1'  tails  and   typical  cross-sections  of  plain  and   reinforced 
eonrrete  pavement,  constructed  in  the  I...v<  l.md  Farms  J> 
opinent,  are  shown  in  Fig.  18.     A  somewhat  different  design  of 
cross-section  and  curb,  is  shown  in  Fig.  19,  giving  the  details 
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Fio.  19. — Details  of  street  improvement  and   sub-structure   location; 
Project  of  the  Emergency  Fleet  Corporation. 

of  the  pavements  laid  in  the  Lorain  Project  of  the  Emergency 
Fleet  Corporation.  In  this  latter  case  provision  is  made  for 
later  widening  of  the  pavement  and  for  future  surfacing  with 
sheet  asphalt. 

Concrete  pavements  are  durable  under  heavy  traffic  and  nive 
a  smooth,  even  surface  which  offers  small  resistance  to  traffic. 
The  first  cost  is  not  high  and  the  cost  of  maim  enance  is  low  if  well 
designed  and  constructed.  Concrete  is  easy  to  clean  and  is 
practically  dust  less.  A  disadvantage  of  concrete  is  that  it 
cannot  readily  be  cut  to  obtain  access  to  sul. surf  ace  structures. 
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Shed  Asphalt. — Sheet  asphalt  pavement*  have  a  wearing 
nurface  of  asphalt  cement  combined  with  an  inert  aggregate  of 
graded  sand  and  filler,  laid  upon  a  foundation  which  if 
usually  cement  concrete,  although  bituminous  concrete,  old 
macadam,  l-n.-k  or  stone  block  are  *^wKhnrt  used.  The 
ness  of  this  wealing  surface  is  usually  from  1) i  in.  to  2|^  in. 
depending  upon  amount  of  traffic  to  be  carried. 

The  pavement  ta  onliiumly  Unit  in  two  courses.  The  first 
course,  called  tin-  l.m<ler  course,  is  of  asphalt  and  graded  crushed 
stone,  and  varic*  in  tlnrkness  from  1  in.  t<»  P.,  m.  The 
gate  is  boated  and  then  mixed  in  a  rotary  mixer,  with  a 


Section  6-t 

Flo.  20.— A  iiiiaMtid  rtnicn  for  tho  ioUfwetloo  of  a  «nrfa»  road,  or 
with  a  mro0t :  the  •nUrg«nmit  of  UM  mlloy  p«v»m«mt  at  the 
flush  •idewmlk  enwioc  am  deeirmble  foatun*. 


quantity,  about  6  per  cent.,  of  refined  asphalt.  It  is  then 
on  tho  foundation  \\ ith  shovels  or  rakes  and  rolled  with  a  5  to  7 
ton  roller.  Sometimes  the  binder  course  is  replaced  by  a  paint 
coat,  consisting  of  asphalt  dissolved  in  naphtha,  which  is  applied 
<-to  foundation.  The  wearing  course  is  placed 
directly  on  the  t>in<l<>r  or  paint  coat. 

The  aggregate  of  the  wearing  course  consists  of  carefully 
graded  particles  of  sand,  ranging  from  the  stse  of  dust  grains  to 
about  H  in.  in  rise.  The  sand  constitutes  nearly  80  per  cent. 
of  the  surface  mixtun .  :m«l  takes  nearly  all  of  the  wear  of  the 
traffic.  1-  ^iiMul.i  thmf  ..robe  hard,  clean,  moderately  sharp,  and 
have  a  suitable  surface  for  the  asphalt  to  adhere  to.  It  should  be 
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free  from  organic  matter,  and  should  pack  together  well  when 
dry. 

With  the  sand  1  here  should  be.  used  a  filler  of  very  line  material, 
such  as  powdered  limestone  or  Portland  eement.  This  should 
be  fine  enough  to  pass  a  200  mesh  screen,  in  order  to  properly  fill 
the  voids  in  the  sand.  After  mixing  the  sand  and  filler,  the 
material  should  be  heated  to  about  350°F.  and  then  mixed  with 
asphalt  cement  heated  to  about  300°F.  It  is  then  carefully 
spread  on  the  binder  course  with  hot  rakes,  taking  care  to  loosen 
th«  material  and  to  keep  it  uniform  in  character.  It  is  then 
rolled,  sprinkled  with  stone  dust  or  Portland  cement,  and  re-rolled. 

Asphalt  is  smooth,  dust  less,  almost  noiseless,  and  is  easily 
cleaned.  It  offers  little  resistance  to  traffic,  is  easily  repaired, 
and  is  well  adapted  to  residence  streets  and  to  business  streets 
not  carrying  any  considerable  amount  of  heavy  slow  moving 
traffic.  It  is  not  suitable  for  streets  which  do  not  have  a  fairly 
uniform  volume  of  travel,  as  it  develops  cracks  if  not  ironed  out 
by  traffic.  Concrete  or  brick  gutters  should  always  be  used  with 
sheet  asphalt  pavements,  as  asphalt  subjected  to  continual  mois- 
ture has  a  tendency  to  disintegrate. 

It  is  not  suitable  for  heavy  grades  on  account  of  its  smoothness. 
It  is  desirable  to  limit  its  use  to  grades  of  5  per  cent,  or  less, 
and  on  heavy  traffic  streets  4  per  cent,  is  a  desirable  maximum. 
Sheet  asphalt  has  not  sufficient  strength  or  stability  to  bridge 
over  soft  spots,  hence  the  foundation  must  be  rigid.  Around  car 
tracks  it  must  be  protected,  or  the  constant  janinir  will  cause 
it  to  break  up.  The  cost  of  sheet  asphalt  pavements  is  about 
the  same  as  bituminous  concrete  and  not  as  high  as  block 
pavements. 

Brick  Pavements. — Modern  brick  pavements  are  usually  built 
on  a  foundation  of  Portland  cement  concrete.  They  are  oc- 
casionally laid  directly  on  the  subgrade,  or  on  »  foundation,  of 
broken  stone  or  slag  macadam,  but  ordinarily  this  is  not  to  !><• 
recommended,  as  serious  settlement  is  almost  sure  to  take  place 
and  maintenance  is  excessively  hi^h. 

There  are  three  types  of  brick  pavement  laid  on  a  concrete? 
base,  namely,  the  sand  cushion,  semi-monolithic  and  monolithic 
types.  These  differ  only  in  the  method  of  joining  the  brick  sur- 
facing to  the  concrete  base. 

The  sand  cushion  brick  pavement  is  constructed  by  spreading 
a  layer  of  clean,  coarse  sand,  about  1  in.  thick,  upon  the  concr 
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base,  and  laying  the  '•»»••! 

and  a'  .nude-  tn  th.-  line  of  the  Ktreet.    After  each  course 

is  laid,  the  brick*  arc  driven  together  before  the  next  course  m 
started.    The  joint**  in  the  brick  may  be  filled,  either  with 
aid  cement  grnu  .utinou*  filler.    On  hilUide 

work,  the  l.itumiiiuiiri  filler  w  preferred,  at  it  offer*  a  better  foot- 
hold for  homos.  Where  grade*  are  low,  the  Portland  cement 
grout  i*  ordinarily  to  U-  ;.:.  ferrcd. 

If  a  bituminous  till,  r  i-  <i-.-d.  th.-  material,  usually  either  refined 
a«pha!  r,  in  heated  to  the  required  temperature  and  poured 

into  th<>  joint*  by  meant  of  a  special  pouring  can.  This  t*  beat 
done  on  a  warm  day,  and  the  brick  intuit  be  perfectly  dry,  so  at  to 
iillou  the  bit-.  idhere  to  them. 

The  cement  grout  filler  should  Iw  very  carefully  mixed  in  the 
prop*  one  part  ecu  -no  part  clean  sand,  and  should 

:>t  continually  in  agitation  until  swept  on  the  pavement.  8uf- 

t  water  should  be  used  to  make  the  gr«  m  t  the  contatteocy  of 

pea  soup.    To  avoid  thickening  of  thr  groin,  'the  surface  ahead 

of  the  sweeper  should  be  well  sprinkled.    The  material  b  then 

poured  on  the  pavement   ami  thoroughly  swept  into  the  jnint* 

r  iff  brooms.    Care  should  be  taken  that  i  swept  too 

far,  as  segregation  of  the  sand  and  cement  will  then  take  place, 

mit  ial  set  of  the  grout  has  taken  place,  a  layer  of  sand  about 

Yi  in.  deep  should  be  spread  on  the  surface  which  should  be 

:ikled  fre<ju<  ntly  for  about  ten  days. 

In  the  semi-monolithic  type  of  construction,  the  sand  cushion 
is  replaced  by  a  dry  mixture  of  one  part  cement  to  throe  or  four 
parts  sand.  This  is  apread  over  the  surface  of  the  euucreie 
base  to  a  depth  <>f  '  _,  m.  and  the  brick  laid,  lightly  sprinkled, 
rolled  and  grouted  as  before. 

The  monolithic  t\  JH-  <>f  l.n«-k  pavement  is  built  by  placing  the 
hrick  directly  on  the  concrete  foundation  before  the  concrete 
has  had  t  ii  then  rolled  and  grouted  at  soon  at 

possible.  Where  the  l.nck  are  grouted  in  { 'lice  expansion  joint* 
of  bituminous  material  extending  through  the  bate  are  placed 
against  each  curl.,  in  ord«  r  to  take  care  of  expansion  and 
contraction  due  to  temperature  changes.  They  are  alto  some- 
time* provided  across  the  pavement  at  intervals  of  30  to  50  feet, 
hut  the  tend'  iminatmg  these. 

mon.»lithir  and  semi-monolithic   type*  are  tending  to 
lace  the  sand  cushion  method  of  construction,  which 
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stood  up  as  well  under  traffic.  The  mind  :il«n<  i-  n..i  sullicieiitly 
stable  to  remain  in  the  same  position.  The  c.-mrni  mixed  \vith 
the  sand  in  the  semi-monolithic  i  rcomes  thi<  tendency, 

and  a  very  satisfactory  and  durable  pavement  is  obtain^!  in  ihis 
way.  The  monolithic  type  of  construction  is  frequently  used 
for  country  roads  and  even  for  streets  in  a  town  or  city,  and  has 
given  entire  satisfaction.  A  monolithic  brick  pavement  does  not 
require  as  thick  a  foundation  of  concerte  as  the  other  two  types, 
as  the  brick  themselves  add  materially  to  the  beam  strength  of 
the  structure. 

The  paving  brick  now  in  general  use  are  vitrified  shale  brick, 
vitrified  fire-clay  brick  and  slag,  or  scoria  blocks.  Of  these  the 
shale  brick  is  most  extensively  used.  They  are  made  of  the 
proper  mixture  of  shale  and  clay,  ground  and  mixed  carefully. 
Water  is  added  to  bring  the  mixture  to  the  desired  consistency, 
when  it  is  pressed  through  dies  and  cut  to  form  the  blocks.  These 
blocks  are  heated  in  kilns,  almost  to  the  point  of  vitrification  and 
then  gradually  cooled.  The  size  of  shale  brick  is  usually  3J£  X 
4  X  8J-£  in.  Slag  or  scoria  blocks  are  made  from  iron  furnace 
slag,  and,  while  being  used  in  England,  only  a  limited  use  has 
been  made  of  these  in  this  country.  Hillside  brick  having  one 
edge  beveled  are  used  on  steep  grades. 

The  use  of  brick  pavement  has  increased  considerably  in  the 
last  decade,  and  it  is  now  extensively  used  on  city  streets  and 
country  roads.  The  first  cost  is  relatively  high,  but  the  cost  of 
maintenance  is  low.  It  offers  a  low  resistance  to  traffic,  is  sani- 
tary and  easily  cleaned.  It  presents  a  smooth  surface,  is  dustless 
and  gives  an  attractive  appearance.  Brick  pavement  is  rather 
hard  on  horses,  however,  and  is  noisy,  in  this  respect  being  second 
only  to  stone  block.  In  industrial  communities,  its  hi^h  initial 
cost  will  tend  to  prevent  its  use  except  on  hillsides  or  on  heavily 
traveled  streets. 

Stone  and  Wood  Block. — Stone  and  wood  block  pavements  are 
used  in  cities  where  the  traffic  is  extremely  heavy.  But  in  in- 
dustrial towns  there  will  seldom  be  any  need  for  them,  except 
possibly  near  the  manufacturing  plant  itself.  Block  pave- 
ments should  be  laid  on  a  concrete  base. 

The  wood  blocks  in  most  common  use  are  of  long  leaf  yellow 
pine,  impregnated  with  from  16  to  20  pounds  of  coal  tar  paving 
oil  or  coal  tar  distillate  oil  per  cubic  foot  of  block.  The  1  .locks 
may  be  either  3  or  4  in.  in  depth  and  are  laid  with  tl  e  grain 
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al.  The  blocks  may  be  bud  on  a  cement  mod  cushion,  m 
in  the  semi-monolithic  brick  pavement  with  a  «juui  ntthjon,  or 
the  concrete  base  may  be  painted  with  •  |  the 

blocks  Ui.i  .it.    The  blocks  may  be  gr-  plees 

\uf  1 1  a  Portland  cement  grout  or  bonded  with  pitch  or  Ur  thor- 
oughly mopped  into  tin*  joint*. 

Wood  block  pro|x*rly  laid  gives  a  smooth  and  durable  surfart*. 
Thiat  i«  expennve,  and  if  not  ki*pi  perfectly  eleaa 

is  extremely  slippery  when  wet.  Trouble  is  sometimes  ex- 
perienced during  th«-  fir*i  yrumr  iw.,  with  the  blocks  "blmlinic" 
in  warm  weather,  covering  the  pavement  with  a  sticky  coat  of 
tarry  material. 

Stone  blocks  may  be  laid  either  on  a  sand  or  dry  mortar 
cushion,  or  directly  on  the  green  concrete,  as  described  under 
Bn  k  Pavements.  The  method  of  construction  is  similar  to 
heretofore  described.  Stone  for  good  paving  block  should 
be  of  even  texture,  hard,  durable  and  tough.  It  should  break 
smoothly,  so  that  good  joints  may  be  obtained,  and  should  wear 
evenly,  so  that  the  road  may  retain  a  good  surface.  It  should  not 
wear  slippery,  nor  break  off  at  the  corners.  The  best 
for  the  purpose  are  granite  and  sai 


sometimes  used,  and  certain  grades  are  satisfactory,  but  fre- 
quently it  is  too  soft  and  tends  to  cobble. 

The  grouted  block  stone  pavement  is  the  type  recommended 
for  most  requirements,  except  on  heavy  grades;  in  this  type 
the  joints  are  filled  and  the  surface  covered  with  Portland 
cement  grout,  giving  a  smooth,  and,  if  properly  proportioned 
and  applied,  a  good  wearing  surface. 

Stone  block  pavements  are  expensive  and  comparatively 
noisy.  They  are  not  as  smooth  as  most  modern  types  of  pave- 
ment, and  do  not  present  an  attractive  appearance.  They  are, 
however,  durable  and  should  be  used  on  streets  which  are  re- 
quired to  carry  a  large  amount  of  very  heavy  hauling  and  may 
In-  iiM-d  on  M.-.-p  nr:ii|.-s. 

AfisosUonaoitt  Types.— In  addition  to  the  types  of  pavement 
*hi« -h  have  been  described  are  others  mhich  are  in  more  or  less 
use  in  various  localities.  Among  these  may  be  mentioned  rock 
asphalt,  asphalt  blocks,  cobblestone,  burnt  day  and  straw. 
The  latter  two  are  of  very  minor  importance  and  are  still  in  use 
only  in  scattered  sections. 

Rock  asphalt  pavements  differ  from  sheet  asphalt  pavements 
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in  that  the  mineral  aggregate  has  been  impregnated  by  nature 
with  a  bituminous  cementing  material,  the  inin.-ral  a<. 
c..iiH>tinLr  nf  -and  or  linn-sinii.'.  'I'liis  pavement  lias  found  only 
a  limited  use  in  this  country  and  cannot  compete  in  cost  with 
sheet  asphalt  if  laid  on  a  concrete  foundation.  The  natural 
material,  in  1  he  form  of  soft  rock  is  run  through  a  crusher  in  order 
to  pulverize  it  and  is  then  shipped  in  open  cars  to  the  point  of  use. 
In  the  earlier  pavements  of  this  type  constructed  in  America 
the  principal  objection  found  was  that  tin-  percentage  of  bitumen 
was  not  uniform,  and  soft  and  hard  crumbly  spots  would  snnn 
appear  in  the  surface  of  the  pavement ,  and  its  use  was  practically 
discontinued  in  most  sections.  Recently,  in  the  south  eastern 
states,  this  material  has  again  been  put  on  the  market.  It  is 
claimed  that  the  trouble  formerly  experienced  in  bitumen  con  tent 
is  being  corrected  and  the  percentage  made  constant  by  analsyis 
and  tests,  and  by  re-mixing  and  proportioning  the  pulverized 
material.  One  of  the  most  important  advantages  claimed  for 
this  material  is  that  it  does  not  have  to  be  heated  before  laying, 
as  do  all  other  bituminous  pavements,  and  therefore  can  l»e  laid 
in  isolated  communities  where  an  expensive  heating  plant  is 
not  available. 

Asphalt  blocks  consist  of  blocks  made  by  compressing  under 
heavy  stress  a  mixture  of  asphaltic  cement  and  fine  mineral 
aggregate.  The  mixture  is  practically  the  same  as  that  used  for 
bituminous  concrete  pavements.  The  blocks  usually  are  about 
5  in.  by  12  in.  in  surface  dimension  and  2  to  3  in.  in  depth,  and 
are  laid  on  a  macadam  or  cement  concrete  foundation  and  a 
fresh  mortar  bed  %  in.  thick.  The  surface  is  then  swept  with 
fine  sand  to  thoroughly  fill  the  joints.  This  type  of  pavement 
has  about  the  same  appearance  and  service  characteristics  as 
a  bituminous  concrete  pavement,  and  is  easy  to  lay,  but  has  not 
been  found  satisfactory  on  account  of  its  poor  wearing  quality 
and  difficulty  of  making  repairs. 

Cobblestone  pavements  are  in  use  in  many  places,  although 
few  new  pavements  of  this  type  are  being  built .  They  are  con- 
structed of  selected  natural  hard  sandstone  of  4  to  8  in.  diameter 
and  laid  on  a  prepared  subgrade  and  cushion  of  sand.  Care  is 
necessary  to  wedge  the  stones  together  by  use  of  smaller  stones 
and  a  sand  or  gravel  filler. 

The  actual  construction  of  this  type  of  pavement  is  similar 
to  sheet  asphalt  except  that  the  rolling  of  the  surface  must  be 
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air.l  for  a  short  period  each  day  for  several  days.     While 
in  some  eases  the  pavement  w  Uid  uo  a  loose  stone  ha* 

ice  IB  to  be  oondetnned  and  it  it  recommended  that  a  <toent 
concrete  base  be  ueed  wherever  rock  asphalt  i§  consider*! 
wearing  surface.    The  final  appearance  of  a  rock  atphalt  pave- 
ment is  very  aimilar  to  sheet  asphalt  and  laid  under  similar  con- 

.•*  and  uniformity  «>f  i  ifiuncn,  should  give  service  equally 


ACCESSORY  STRUCTURES 

Sidewalks.— The  same  qualities  which  are  required  in  a  good 
pavement  are  also  necessary  for  a  good  sidewalk.  It  should  U- 
smooth,  but  not  slippery,  afford  a  good  foothold  at  all  times, 
be  durable,  non-abeor;  lean,  wear  uniformly  and  be  low  in 

first  cost  and  in  maintenance. 

Widths  and  Slopes.— The  width  of  the  sidewalk  should  be  de- 
•ed  in  the  same  way  as  the  width  of  a  utreet  and  should  not 
be  considered  merely  as  a  function  of  the  street  width,  as  is 
quite  commonly  done.    For  yF»mpl«t  in  wholesale  district*  little 
sidewalk  space  is  ordinarily  required,  although  the  streets 
to  be  very  wide.     On  residential  streets,  the  walk  is 
1  or  2  ft.  from  the  J.K.JM  rty  line,  and  a  width  not 
than  5  ft.  is  ordinarily  Miflieirnt.    On  minor  residential  streets, 
4  feet  is  often  <|uit<-  enough.     Usually,  the  whole  space  between 
the  curb   and  the  proper  m  n-id. mizd  districts  is  not 

paved,  part  of  it  t.eing  reserved  for  a  planting  strips. 

In  order  to  shed  water  ((uiekly,  walks  should  be  given  a  slope 
of>ito>£ir  A anU  the  roadway.  It 

able  to  slop*  walk  toward  the  abutting  property. 

1  _.  in.  are  likely  to  be  slippery  and  should  not  be  used  ordi- 
narily; but  slopes  as  great  as  Ji  in.  per  foot  may  be  used  for 
gravel  and  broken  stone.  A  slope  of  '  the  foot  is  reconv- 

mended  for  concrete  and  flagstone  sidwalk  paving. 

Subgrade.— The  subgrade  should  be  prepared  by  removing 
perishable  and  spongy  material,  and  by  rolling  and  thoroughly 
compacting  fills.  Fills  should  be  made  in  layers  of  about  6 
inches,  and  should  extend  at  least  one  foot  beyond  the  edge  of  the 
pavement,  in  order  to  keep  the  foundation  from  being  under- 
mined by  washing. 

ral  and  northern  section*  of  thin  country,  accept 
when  the  subsoil  is  porous  and  conducts  water  readily,  a  porous 
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foundation  of  cinders,  gravel,  .-rushed  stone,  or  sla.g  should  be 
laid  under  the  paved  sidewalk.  Tin-  porous  base  should  be 
connected  to  a  drain,  so  that  water  which  reaches  it  will  be  lead 
away.  This  may  be  done  by  building  blind  dniins  from  th<-  >ide- 
walk  to  the  underdrain  to  the  curb.  A  thickness  of  4  to  6  in.  for 
the  foundation  is  used,  deluding  upon  soil  condition  and  tem- 
perature. For  typical  design  s«  18. 

Concrete  Walks. — Omen;  concrete  is  the  most  commonly  used 
material  for  sidewalks,  as  it  closely  appn>a< -In •-  the  ideal.  The 
first  cost  is  moderately  low,  it  can  be  made  smooth  but  not 
slippery,  and  is  durable,  clean  and  attractive.  The  concrete 
pavement  is  laid  directly  on  the  prepared  sub-base;  it  may  be 
one  or  two  courses.  In  the  two-course  method,  a  layer  of  con- 
crete 3  to  4  in.  thick  is  first  placed.  This  concrete  is  of  a  mix. 
varying  from  1:3J^:7  to  1:2:4,  a  common  proportion  being 
one  part  cement,  two  and  one-half  parts  sand  and  five  parts 
crushed  stone  or  gravel.  After  placing  it  should  be  thoroughly 
tamped  and  the  top  course  placed  immediately. 

The  top  course  is  made  of  a  rich  mixture,  \\  ith  stone  or  gravel 
screenings  for  the  coarse  aggregate.  A  proportion  commonly 
used  is  one  part  cement,  one  part  sand,  and  one  and  a  half  parts 
stone  screenings.  Often  a  mixture  of  one  part  cement  and  two 
parts  coarse  sand  is  used  with  equally  satisfactory  results.  The 
thickness  of  this  course  should  be  from  1  to  IJ-^  in.  The  surface 
is  t  "hen  "floated  "with  a  wood  float,  leaving  it  just  rough  enough 
to  afford  a  good  foothold,  and  is  divided  into  squares.  These 
squares  may  vary  in  size  from  3  ft.  X  3  ft.  to  6  ft.  X  6  ft.,  but 
should  never  exceed  36  sq.  ft.  in  area.  Care  should  be  taken 
that  the  joints  extend  entirely  through  the  pavement. 

In  the  one-course  method  a  1:2:4  mix  is  used,  the  entire  thick- 
ness of  pavement  being  laid  at  once.  This  thickness  may  vary 
from  4  to  6  in.,  5  in.  being  a  common  thickness.  It  is  then 
finished  and  jointed  as  described  above.  One  course  construc- 
tion is  recommended,  as  it  is  less  expensive,  easier  to  lay,  and 
not  so  liable  to  disintegrate  as  two-course  work;  besides,  it  is 
not  so  likely  to  be  slippery,  a  common  defect  of  two-course 
walks. 

Where  the  walk  meets  the  curb  at  street  intersections  exp.m- 
Hon  joints  filled  with  a  bituminous  filler  should  be  employed. 
Similar  joints  should  be  provided  at  intervals  of  50  to  100  ft. 
along  the  walk.  Coloring  matter  or  lampblack  is  sometimes 
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added  to  the  surface  to  take  off  the  glare  of  natural 

Two  pounds  of  lam  tea  barrel  of  cement  will  givrih<-  pave- 

NT,  and  10  |M>umln  a  dark  Uui*h  »l* 

A  «  walk  eonttnietad  aa  outlined  above  will  prove 

Failures  of  concrete  walk*  are  UMially 

duo  to  Hkimping  of  material*,  poor  workmanship,  or  inadequate 

ion  .n,d       .  muton  and  drainage. 

/;  W«lk«.     linrk  wal  ,1  in  wune  localities,  dark  red 

building  hrit  k  1*  ing  ordinarily  uimd.    The  foundation  b  prepared 
in   the  mime  manner  an  for  concrete  walk*.     About  2  - 
clean  aand  ia  spread  •  >n  t  he  baaev  and  the  brick  laid  on  aide  either 
'it  ande.  to  tin-  hue  of  the  w»lk  or  in  a  herringbone  pattern. 
•  •II  -pnnkled  utrh  sand  and  then  tamped  under 
a  plank,  or  with  a  broad-surfaced  wooden  rammer.    Sand  i« 
then  Hwept  into  the  joints.     Hrirk  aidewalka  have  a  tendei. 
become  uneven,  and  arc  more  difficult  to  keep  clean  than  cement 
concrete. 

M iscettanAou*  Types. — Slabs  of  granite  or  sandstone  an- 
occasionally  used  in  some  local  t  heir  use  is  being  rapidly 

Hi|MTs<><l<-<l    1  rcto.    They   are    expensive, 

is  available,  ami  it   is  diihrult  to  prevei 
at  the  joints,  by  settlement.    They  also  frequently  spall  and 
break. 

In  Now  England  tar  concrete  is  quite  extensively  used.  This 
type  of  \\.tlk  is  I. mil  in  two  courses.  The  lower  course  consists 
of  ab  f  coarse  gravel,  thoroughly  coated  with  tar. 

The  wearing  course  is  of  coarse  sand  and  tar,  mixed  hot.  laid 
about  1  in.  thi.-k.  Each  course  is  tamped  and  rolled  as  soon 
as  laid.  Th<  walk  in  covered  with  a  thin  layer  of  sand  as  soon 
as  compl.-t.-.l.  These  walks  are  not  very  satisfactory  and  are 

U-um  ivplar.-.l  f.wlay  l'\    OSON  rcte. 

walk  known  as  asphalt  mastic  has  been  u*-l  in 
Franee  and  to  some  extent  in  certain  localities  in  this  country. 
A  in  red  from  a  combination  of  rock  asphalt  and  a 

d  asphalt.!1  h  an  aiiphaltic  base  petroleum.  Suffici- 

ent fluxed  asphalt  is  mixed  with  the  ground  rock  asphalt  to  give 
20  IMT  cent  of  bitumen,  and  a  layer  of  this  mixture  about 
liu  thick  is  placed  on  a  4  to  6-in.  concrete  base.  A  small  amount 
of  tine  irravel  or  coarse  sand  is  then  rolled  into  the  surfare  of  ihe 
w:irm  mat, -nal.  This  form  of  walk  has  been  uned  quite  exten- 
sivt  1>  in  at  least  one  large  American  city,  for  walks  over  side- 

10 
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walk  basements,  on  bridges  and  in  parks  and  apparently  has 
Driven  very  good  results.  Tin-  life  of  the  \\-earini:  surface  is  not 
as  great  as  cement  ennrrete,  but  is  easier  to  \\alk  on  and  the 
cost,  including  base,  in  the  instance  cited  was  about  the  same  u 
that  of  cement  conci  > 

et  asphalt  surface,  similar  in  many  respects  to  sheet  asphalt 
paving  has  been  used  in  parks  and  residential  districts  but  is  not 
as  durable  as  the  mastic  or  other  types  already  mentioned. 

Bituminous  macadam  walks  constructed  similar  t<>  bituminous 
macadam  pavements,  although  much  thinner  have  been  used  in 
a  few  cases  but  these  are  not  very  satisfactory  due  to  uneven 
wear  and  settlement . 

Asphalt  tile  walks,  consisting  of  tiles  or  blocks  of  compressed 
asphalt  and  mineral  aggregate,  laid  with  or  without  a  concrete 
base,  have  been  used  in  New  York  and  Boston  parks  and  else- 
where but  have  not  found  general  use  in  smaller  towns  and  (it  i<  s. 

Where  it  is  necessary  to  keep  costs  down  to  the  lowest  possible 
point,  cinder,  gravel  or  slag  walks  may  at  times  be  built.  They 
are  cheap  and  give  fairly  satisfactory  results,  and  later  on  may 
serve  as  the  foundation  of  a  permanent  pavement.  The  prin- 
cipal objections  are  difficulty  in  cleaning  and  in  snow  and  ice 
removal. 

Clean,  coarse  cinders  should  be  used.  They  should  be  placed 
in  layers,  wetted  and  tamped.  The  total  thickness  may  vary  from 
6  to  12  in.,  depending  on  the  character  of  the  subsoil. 

Curbs  and  Gutters. — Curbs  are  built  to  form  the  backs  of 
gutters  and  to  protect  sidewalks  or  planting  spaces  from  the 
encroachment  of  vehicles.  They  must  be  of  sufficient  strength 
to  resist  the  overturning  thrust  of  the  sidewalk  or  frost  action, 
and  sufficiently  strong  and  tough  to  withstand  the  shock  and 
abrasion  of  steel  tires.  Curbing  is  made  of  cement  concrete, 
granite,  limestone  or  sandstone.  Of  these,  cement  con< -rete  is 
now  the  most  widely  used,  the  materials  being  universally  avail- 
able, the  cost  comparatively  low,  and  concrete  being  easily 
adaptable  to  various  conditions. 

•>c  Curbs. — Stone  curbs  are  usually  4  to  8  in.  wide  and  12  to 
20  in.  deep.  The  projection  of  the  curb  above  the  gutter  may 
be  from  4  to  8  in.,  6  in.  being  the  standard  in  most  places. 
Shallow  stone  curbs  are  usually  set  in  a  6-in.  bed  of  concrete. 
Deep  curbs  should  be  set  on  broken  stone  or  gravel  foundations, 
unless  the  subsoil  is  naturally  well  drained. 
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The  top  and  expand  face  should  bo  dressed  to  plane  surfaces, 
and  c  2in<l  < 'i  lu<r  faces  should  be  pointed,  so  a*  to  permit 

cloee  joint*  between  the  individual  stones  and  betweri 

.ind  sidewalk  pavement  or  gutter.  Stone  curt*  are  ex- 
pensive, unless  local  stone  of  the  proper  quality  k  available, 
and  do  not  give  at  good  appearance  a*  concrete. 

Combined  Concrete  Curb*  and  G'uKsrt.— Concrete  curbs  are 
usually  I'uilt  in  place,  using  a  concrete  mixture  similar  to  that 
used  walk*.  The  practice  of  surfacing  the  exposed 

faees  with  mortar  has  been  generally  used,  but  to  an  increas- 
ing extent,  some  curbs  are  now  poured  in  one  piece,  omitting 
the  mortar  su  Steel  forms  are  much  better  than  wood, 

a*  they  are  more  economical  and  give  a  much  better  line  and 
surface  to  the  concrete,  requiring  loss  finishing.    Concrete  curbs 
are  usually  5  to  0  in.  wide,  18'to  24  in.  deep,  with  joints  spaced 
part.    They  are  built  in  the  trench  on  compacted 
1,  stone  or  cinders,  or  on  an  underdrain  as  described  in  an 
earlier  part  of  this  chapter. 

.•,,!!,!>!!:.  -l  mi  I.  :m<l  mit  ter  has  come  into  favor  on  account 
of  its  cheapness  and  attractive  appearance.  A  typical  design 
of  t  his  is  shown  in  Fig.  18.  This  design  gives  a  pleasing  appear- 
ance, does  not  cause  damage  to  automol.ilr  tires,  and  actually 
adds  to  the  effective  wid-  •  street,  by  cutting  down  the 

space  required  for  parking,  as  the  motorist  is  not  afraid  to  drive 
close  to  it. 

(JuUtrs. — When  the  integral  concrete  curb  and  gutter  is  not 
used,  gutters  of  flag-stones,  brick,  stone  block  and  concrete  are 
commonly  I  milt.  (HIM,  rs  should  always  be  built  on  a  paved 
street  and  especially  on  steep  grades  or  fills  where  washouts  are 
liable.  On  paved  streets  the  gutter  should  have  a  shallow  depth 
and  the  cross-section  should  conform  to  the  finished  pavement 
and  thr  Butter  need  not  be  more  than  2  ft.  wide.  On  unpaved 
streets  or  macadam  streets,  the  gutter  should  be  deeper  and 
wider,  as  wide  as  36  in.  having  been  used,  in  order  that  the  gutter 
will  carry  all  the  water  and  thereby  prevent  washing  of  the 
roadway  along  the  sides. 

Flag  stone  gutters  laid  in  a  sand  cushion  may  be  the 
cheapest.  B>  <>ra  may  be  built  in  the  same  way,  but  they 

are  not  entirely  satisfactory  unless  a  concrete  base  is  employed. 
Stone  blocks  have  been  frequently  used  in  the  past,  but  all 
types  are  rapidly  being  superseded  by  concrete  for 
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developments.  Concrete guttersarce\ien>ivcl\  used  win-recur! >s 
are  built  of  si  one  or  separate  rnnnvt  .-><•. -non.  Thiyarr  used  more 
ensively  than  brirk  on  unpaved  or  macadam  streets  :is  they 
can  be  more  easily  shaped  to  tin  ivquind  section  and  will  not 
loosen  up  as  quickly  as  brick  when  not  supported  by  the  pay- 
ment 1  Kicking.  They  are  usually  about  6  in.  thick  and  built 
similar  to  a  one  course  concrete  roadway  paving. 

In  sul'url»a:  ns,  where  it  is  desired  to  avoid  the  use 

of  a  curb,  the  type  of  gutter  shown  in  Fig.  19,  has  often 
been  used  with  very  satisfactory  results,  from  the  standpoints 
of  economy  and  utility.  When  a  wide  planting  strip  is  used, 
iliis  gutter  gives  a  very  pleasing  park-like  appearance  to  the 
street. 

Maintenance  and  Repairs. — Cleaning. — Street  cleaning 
be  preventive  as  well  as  corrective,  and  the  former  may  well  be 
the  more  important.  Preventive  street  cleaning  may  be  carried 
out  at  small  cost  by  the  enforcement  of  local  ordinances  for- 
bidding such  things  as  sweeping  of  rubbish,  paper  and  the  like 
on  the  streets;  disposal  of  this  material  in  dumps  where  it  ma y 
Ixj  scattered  by  the  wind;  storing  of  material  on  tin;  highway  l>y 
builders  unless  properly  supervised;  and  failure  to  use  proper 
receptacles  for  ashes,  garbage  and  rubbish.  These  things  are  of 
major  importance.  The  sanitary  condition  of  a  communh 
affected  by  the  cleanliness  of  the  streets,  and  this  item  should 
not  be  neglected. 

Corrective  street  cleaning  in  industrial  communities  will 
usually  be  carried  out  by  one  or  more  men  assigned  to  it,  possibly 
combining  this  work  with  other  duties.  Police  officers  should 
be  instructed  to  report  promptly  any  violation  of  ordinal! 
When  hard  surfaced  pavements  are  built,  this  should  be  supple- 
mented by  periodical  flushings  with  a  hose  or  power  flushing 
machine.  The  condition  of  the  pavements  and  the  character  of 
traffic  attracted  by  the  streets  is  also  influenced  to  a  marked 
degree  by  their  cleanliness. 

Repairs. — It  cannot  be  too  strongly  emphasized  that  no  pave- 
ment will  give  satisfactory  service  unless  properly  maintained. 
The  amount  of  maintenance  required  for  the  different  types  of 
surfacings  varies  widely,  but  even  for  the  more  permanent  types 
some  work  is  necessary  every  year  if  the  best  results  are  to  be 
obtained.  It  is  very  important  also  that  breaks  or  holes  in 
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the  pavement  should  be  repaired  promptly,  otherwise  delay 
will  mean  multiple  excuse. 

Expansion  j.»nt^  -!»... iM  be  cleaned  and  refilled,  rntrk*  should 

bo  filled  with  l.ituminous  material,  holes  and  depraMOM  should 

bo  repaired.     It  should  be  noted  that  holes  should  never  he  filled 

with  harder  material  than  that  which  makes  up  the  rest  of  the 

uent,  as  the  final  rwult  practice  will  be  two  holes 

later,  a  hump  in  the  pavement. 

In  <  -i  it  is  jM.intr«l  out  that  as  are  the  street*,  so  is  the 

A  poor  town  never  has  good  streets,  and  a  good  town 
>.'Mniu  has  poor  ones. 


CHAPTER  VI 
WATER  SUPPLY 

QUANTITY  OF  WATER  REQUIRED — STANDARDS  OF  QUALITY — 
SELECTION  OF  SOURCE  OF  SUPPLY — PURIFICATION  BTBI  i  .MS- 
DISTRIBUTION  OF  WATER— PIPING  SYSTEM — CONTRACT 
PLANS  AND  SPECIFICATIONS — FINANCIAL 

Preface. — Water  is  a  prime  requisite  to  existence, — therefore, 
before  the  site  for  a  housing  development  is  finally  chosen,  an 
adequate  supply  of  pure,  potable  water  should  be  assured  within 
a  reasonable  distance  of  the  future  community. 

The  most  important  use  of  a  public  water  supply  is  that  of 
furnishing  water  for  domestic  use,  including  that  used  for  drink- 
ing and  culinary  purposes,  for  washing,  showers,  lavatories,  and 
flushing  closets.  The  essential  requirements  for  such  a  supply 
are:  first,  quality  which  is  of  fundamental  importance;  next, 
adequacy,  dependability  and  reasonableness  of  cost. 

Second  in  importance  is  the  use  of  water  for  fire  extinguish- 
ment, the  chief  requisites  being  quantity,  pressure  and  dependa- 
bility. The  third  use  is  that  for  public  requirements,  among 
which  are  street  cleaning,  sewer  flushing,  st  reet  sprinkling  and  all 
water  used  by  public  institutions.  The  fourth  use  is  for  indus- 
try. The  primary  requirements  of  a  water  for  these  purposes 
are  quantity  and  dependability. 

QUANTITY  OF  WATER  REQUIRED 

Influences  Affecting  Consumption. — Metering. — It  is  probable 
that  the  most  important  factor  in  determining  the  consumption 
is  whether  the  water  is  sold  by  measure  or  otherwise.  The  gen- 
eral tendency  of  metering  is  to  reduce,  to  a  large  extent,  unneces- 
sary waste  and,  therefore,  the  installation  of  meters  in  industrial 
villages  and  housing  developments  is  to  be  strongly  recommended. 

The  marked  reduction  in  consumption  following  the  installation 
of  meters  in  various  cities  is  shown  in  Fig.  21.  This  relation 
between  metering  and  consumption  is  presented  in  the  form  of 
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the  per  cent .  t  hat  metering  in  various  amount*  radium  the  UM»  uf 
water.    The  data  are  baaed  on  record*  of  uao  in  85  American 

Detection  of  Leakage  and  ItVufe.— Another  far  tor,  almost  an 
as  metering  in  it*  effect  on  consumption,  »  the 


\ 


\ 


Flo.  21.— Effect  of  metarim  on  the  UM  of  walor. 


used  in  the  avoidance  of  leakage  and  waste.    Leaks  in  m 
services  cannot  be  entirely  •  <I.     It   would  be 

impossible  to  find  many  of  the  smaller  ones  and 
it  would  not  pay  to  uncover  the  pipes  and  repair 
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larger  leaks,  however,  can,  by  th<  exorcise  of  care  in  condu<  :  Jim 
leakage  tests,  be  located  and  stopped;  thus  one  of  the  most 
important  items  of  waste  can  be  eliminated. 


Fio.  23. — Effect  of  winter  temperature  on  the  per  capita  water  consumption  in 
highly  metered  cities;  1017-18. 

Milwaukee,  in  1916,  had  reduced  leakage  by  care  in  detect  inu; 
and  stopping  waste  to  approximately  17  gallons  per  capita  per 
day;  and  Cleveland,  in  1914,  reported  also  a  reduction  to  about 
11  gallons  per  capita. 
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Fio.  24. — Relation  between  the  age  of  water  works  and  the  daily  per   capita 

consumption. 

Other  Factors. — The  wealth  and  habits  of  the  people  have  a 
more  or  less  indefinite  but  nevertheless  direct  bearing  on  the 
question  of  consumption.  Climate  also  has  a  very  considerable 
influence,  especially  upon  the  amount  used  for  lawn  and  street 
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K  and  public  purposes  and  that  which  in  und  to preteat 
freezing.  The  effect  of  high  and  low  temperature  i*  shown  on 
FIRM.  22  and  23,  covering  the  period  of  high  temperature  in  1006 
and  the  cold  wint. -r  ..f  1917-1018,  respectively. 

The  age  of  the  water  supply  and  the  piping  system  exert*  a 
considerable  influence  on  consumption.  As  the  consumers  be- 
come  more  and  more  accustomed  to  the  comvenience  and  uses 
of  an  abundant  supply,  tii.-y  iti.lulge  in  a  more  liberal  use  and 
often  at  the  tame  time,  in  greater  wastefulness.  Ajp  of  street 
inaiiu  and  services  plays  iu  part  in  contnt.uting  toopportuniue* 
ikage  by  d«  >n  :it  jointu,  eonnectioui  and  in  pipe* 

ihemaelvee.  The  typical  effect  of  age  of  •ervice  on  water  coo- 
Miinpti..n  ia  shown  for  a  largo  number  of  towns  on  Fig.  94  here- 
with. 

Consumption  of  Water  for  Various  Purposes, — Domestic  C/s*.— 


The  consumption  of  \\.-it.-r  for  dommtic  purposes  varies 
wide  litu:  ndcnt  upon  ttu-  type  of  town  served  and 

the  class  of  houses.    The  average  domestic  use  in  variouK 

en  below,  sh<>\\  nm  the?  wide  variation  in  quantity  of  water 


TAHIJC  15.  —  CONVUMPTIOM  PER  CAPITA  FOB  DOMB*TIC  PUKKMUM, 
UINKD  HT  MRT».K 
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The  variations  in  domestic  consumption  corresponding  with 
various  types  of  houses  are  shown  in  the  records  of  the  Metro- 
politan Wat.  f  Boston,  Mass,1  given  in  TabU»  16. 

Commercial  C7s0.— rndrr  this  head,  there  should  bo  included 
all  use*  for  mechanical,  trade  and  manufacturing  purposes.  Large 
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TABLE  16. — WATER  CONSUMITH-N  IN  I  >\\  i  M.I\<;H  or  DIFFERENT  CLASSES 
HIE  METROPOLITAN  \\Miu   IM-IKKT  BOSTON,  MASS. — 1008 


Consumption 

1   of  hoUMS 

Number 

fetimated 

popul 

in  KI»|  Ions  per 

fay 

Sn^lo   ^including  some  sta- 

bles and  garages) 

8 

1  10.9 

2  family  

5 

48 

37.5 

3  family 

9 

129 

ill    -2 

4  family 

20 

889 

•J'.i  ."> 

5  family 

25 

506 

76.2 

6  family  

1,032 

52  2 

7  family 

31 

1,087 

35  5 

8  family 

278 

10,631 

2S   0 

9  family  . 

86 

3,700 

27  5 

10  familv 

65 

3,107 

r,o  :i 

11  to  'JO  family. 

113 

7,849 

35.3 

21  to  30  family.. 

18 

2,199 

H  :; 

Over  30  family  

9 

1,640 

25.1 

Combined  house  and  store 

505 

21,410 

•X  |      1  ) 

Total  

1,208 

53,799 

Average  33.0 

amounts  of  water  are  used  in  office  buildings,  stores,  hotels, 
factories,  elevators  and  railroads.  The  use  for  these  purposes 
varies  greatly  in  different  communities.  In  1902,  it  varied  from 
12  to  46  gal.  per  capita  in  large  American  cities.  In  small 
housing  developments,  however,  the  amount  of  water  used  for 
such  purposes  is  relatively  small  and  it  probably  is  fair  to  esti- 
mate the  consumption  for  commercial  purposes  at  from  5  to 
20  gal.  per  capita,  depending  on  local  conditions. 

TABLE  17. — WATER  USED  FOR'PUBLIC  PURPOSES — BOSTON  METROPOLITAN 

DISTRICT  IN  1902 


U*e 


fi.-illons  per 
day 


Public  buildings 

Drinking  and  ornamental  fountains 

Street  sprinkling 

Flushing  pipes  and  extinguishing  fire 


3.8 
1.0 
2.1 
0.2 

7.1 
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PuWwr  */•*.— Water  used  for  schools  and  other  public  brfUfaqp, 
street  sprinkling,  sewer  and  water  main  flushing,  fire 
mont  and  other  occasional  met  ootnftf  yndfl 
In  the  Bout4>  ter  District, 

in  1902,  as  shown  in  Table  1 

diili. ult  to  make  a  close  estimate  of  the  quantity  wed  for 

UK   water  pipes  and  sewer*  and  for  extinguishing  fires. 

A 1 1  \  u  mgh  large  quantities  are  used  occasionally  for  these  purposes, 

<>tal  quantity  consumed  during  a  year  is  com  pom 
small.    An  allowance  of  5  to  7  fat  per  capita  for  public  use  will, 
in  most  cases,  prove  ample. 

Loss  and  Waste. — The  enormous  quantities  of  water  used  by 
some  of  the  large  cities  of  the  United  States,  when 
with  the  actual  mete  rod  use,  indicate  that  a  very  lara 


age  of  the  water  furnwhcd  is  lost  through  leakage  or  is 
I'.v   the  consul:  Kven   in  highly  motored  communities  the 

percent  of  wain-  pumped  which  is  not  accounted  for  may  easily 
equal  from  :u)  to  50  per  cent,  of  the  total  consumption,  as  is 

>hown  in  T.-il-l.-  Is. 


TABLE  18.— USE  or  WATER  AKD  PERCEMTA< 

M>  MOB  <  rm 


ro«  tx  WILL 


Pwr*«l    o< 

'^H- 

^  _ 
rw  >HN   >ot 

• 

Brockton,  Mam 

100 

34 

ao 

Cleveland,  Ohio 

40 

M 

21 

Englewood,  N.  J 

100 

• 

Fall  UIV.T,  Mam.  .  . 

100 

..: 

13 

-1 

100 

40 

I^wrrncr,  MJUW 

n 

H 

u 

Ridgefieldt  N.  J 

100 

18 

Ware,  Man  

100 

41 

H 

\N 

100 

1 

y 

\V«*t  Orange.  N.  J 

100 

-•o 

Yonkrni,  \.  Y 

100 

11 

1  1006,  J.  II.  Puerto;  with 

According  to  the  State  Department  of  Health  of 
setts  having  over  90 

taps  motored,  am  over 62  per  cent,  of  the  water  furnished; 

while  om-  fully  n  ity  finds  but  37  per  cent  of  its  supply 

registered  l»v  such  <i<  vices. 


The  water  lost  through  waste  and  leakage  may  be  divided  into 
two  general  classes: — that  lost  by  leaks  in  the  mam  pipes  ami 
distribution  system,  and  that  lost  on  the  premises  of  the  con- 
sumer through  leaks  in  service  pipes  and  plumbing.  The 
amount  of  leakage  from  these  sources  is  dependent  upon  the  care 
used  in  laying  the  pipe  and  the  effort  made  to  locate  and  repair 
leaks.  All  in  turn  are  more  or  less  dependent  upon  the  total 
length  of  lines  to  be  maintained.  This  relation  is  amply  demon- 
strated by  Fig.  25,  based  upon  records  of  14  well  metered  cities. 

Loss  from  well  constructed  distribution  systems  of  2,500  to 
3,000  gal.  per  day  per  mile  was  deduced  by  Emil  Kuichling.1 
It  is  probable  that  leakage  in  a  new  system  will  not  be  materially 
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Fio.  25. — Leakage  and  waste  of  water  in  thoroughly  metered  cities. 

less  than  3,000  gal.  per  mile  daily,  unless  special  care  is  used  in 
testing  and  all  defects  remedied.  In  new  work,  200  to  250  gal. 
daily  per  mile  per  inch  of  diameter  of  pipe  probably  represents 
the  permissible  leakage,  and  it  is  likely  to  run  higher. 

Total  Consumption. — In  the  case  of  a  new  supply,  where  the 
immediate  installation  of  meters  is  not  contemplated,  a  daily 
quantity  of  not  less  than  100  gallons  per  capita  should  be  pro- 
vided for,  based  upon  the  approximate  quantities  shown  in 
Table  19. 

1  Tians.  Am.  Soc.  C.  E.,  Vol.  38. 


TABUS  ia— AVERAUB  ComcrMrnotf  Qi 


(Mb 

•  •-•  v-  '•-  •- 

•  .., 

Tn»farM 

•MM. 

M., 

A^» 

Domestic 

30 

Mi 

m 

Cbratnervial 

o 

SO 

II 

1 

10 

Lorn 

90 

M 

10 

Total 

as 

• 

•  •1 

Should  1  y  be  metered,  the  average  per  capita « 

•it  be  reduced  to  50  or  75  gal.,  most  of  the  rffdttftkm 
coming  in  the  domestic  and  commercial  rlissoi 

>n*  in  Consumption.— The  probable   maximum   coo- 
whi.-li  must  be  provided  for  depends  ahnost  wholly  on 
local  conditions.    The  average  variation  in  use  of  water,  tiiend 
on  records  of  67  Massachusetts  cities,  is  shown  in  Table  20. 


TABLE  20. — MAXIMUM  WATER  CONSUMPTION  BA*KD  on  A* 

MAMACBtnUCTT*   ClTtE«   AND 


or« 


*5- 

Average  daily  for  the  year.  . 
Maximum  month 
Maximum  week 

• 

n 

H 

m 

100 

m 

147 
198 

Maximum  dttilv  us 

c  of  water 

\V.W.  AMOC.,  Vol.  27,  j. 

Although  in  r\. .  p mnal  canes  the  maximum  daily 

«  qual  300  per  cent,  of  the  average,  the  figures  quoted  above 
may  be  taken  as  representative  of  general  conditions.  The 
hourly  demand  rate,  however,  which  may  occur  twice  a  day 
very  likely  be  as  high  as  300  p 

STANDARDS  OP  QUALITY 

General.— Those  qualities  which  distinguish  a  good    > 
may  be  summed  up  in  a  negative  way  as  follows: 
</ :     Hie  water  should  ta  free  from  bacterial 
sewage  pollution  and  all  other  waste  products. 
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Second:  It  should  not  contain  an  excessive  amount  of  mineral 
mat' 

Third:    It  should  be  free  from  color,  odor,  taste  and  susprm  led 
matter,  and  pivfWaMy  should  IK*  delivered  at  a  lemperat  un 
not  over  60  degrees  Fahrenheit . 

Sanitary  Quality. — U.  S.  Treasury  Stow/<m/.— The  standard 
adopted  l>y  the  I  "ni  tod  States  Treasury  Department ,  in  determin- 
ing the  allowable  limits  of  contaminat  ion.  are  briefly:  the  37°C. 
bacteriological  count  on  nutrient  agar  at  24  hours,  shall  not 
exceed  100  per  c.c.;  and  that  not  more  than  one  out  of  five 
10  c.c.  samples  of  the  water  shall  show  the  presence  of  Bacillus 
Coli. 

Classification  of  Great  Lakes  Water. — The  progress  report  of 
the  International  Joint  Commission,  covering  its  investigation 
of  the  Pollution  of  Boundary  Waters,  contains  the  sanitary 
classification  given  in  Table  21. 

TABLK  21. — CLASSIJ-H  A  ri<>\  OF  GREAT  LAKES  \\  \ 


Classification 

Bacillus  Coli 

10   ruble 

rriitimeters 

Total  1 
on  agar  at  37° 
Centigrade 

iilni- 
<  <  ntimeter 

l"niM)llutc<l I/css  than   2  Less  than  10 


Slight  pollution 2  to  m 

< '<uiH<lrral>lo  pollution .  ...        10  to  20 

S-rious  pollution                             20  to  50 

Gross  pollution <  >vn-  :.o 


10  to  L'.-| 

25  to  50 

:,o  to  Km 
Over  100 


1  Progress  Report,  International  Joint  Commission  on  Pollution  of 
Houndary  Waters,  June  16,  1914,  p.  20. 

General  Standard. — The  sanitary  standard  as  to  B.  Coli,  as  re- 
quired by  the  U.  S.  Treasury  Department  is  extremely  severe 
and  is  difficult  and  generally  considered  impossible  of  continuous 
attainment  in  ordinary  water  works  practice.  General  practice 
appears  to  permit  50  to  75  total  bacteria  per  c.c.  at  37°C.  and 
2  to  5  Bacilli  Coli  per  100  c.c.  sample,  subject  to  restriction, 
however,  when  considered  in  conjunction  with  each  other  and  a 
knowledge  of  the  condition  of  the  source  of  supply. 

Physical  Quality. — Color. — The  allowable  concentration  of 
color  in  a  water  supply  is  subject  to  wide  limits  in  different  locali- 
ties, due  to  differences  in  custom  and  habits.  In  general,  in 
the  East  and  particularly  in  New  England,  where  highly  colored 


w  /•/•/.>  :     , 

waters  are  common,  an  amber  color  of  20  part*  per  million  ia  not 

uible;  whilr  in  (Vntrul  and    WrMrrn 
color  of  even  10  parU  per  million  would  n  •«§. 

Turbidity.— The  ruvunte  is  true  of  turl.ulity,  -in. .  in  the  West, 

waters  of  100  parta  per  million  turbidity  nn-  •  ••uni*- 

nanoed;  whil,-  in  the  Earn,  a  wai.  .-i  mrl.i.i.  or  90 

parts  IMT  million  would  not  u>  allowed.    However,  the  f^fntftMy 

i  wati-r  Mippl>  practice  is  everywhere  toward  a  dear, 

hnllrirr   :md  sparkling  \\ . 

Odor. — There  is  universal  repugnance  against  drinking  water 
m  odor.    A  very  faint  o  mted  in  standard  clssslliei 

lions,  is  not  particula  ,-aU. -.  l.tit  tin-  numher  of  o» 

ing  consir  reases  rapidly  when  forced  to  use  a  water  of 

a  faint  to  decided  al- 
chemical Quality.— The  characteristics  of  a  "good"  water 

from  :i  rluMn:  Ipoint  arc*  mvni  in  Table  20. 


TAIIUS  22. — ALLOW AIILK  OaciANic  AND  MINKHAL  Co»«riTVKirni  IM 

.KM' 

In  IVuia  per  Million 


Organic  r«.iii.-ni 


All.uiiunoid  aiiimoi.  0.15 

Frtn>  aiuinonin  0  15  02 

0  01       |         0  02 
Dimolvrd  oxyjst-n  N..t  \rm  than  40  per  curt. 


Chlorine  1  t»  10  parto  above 

I    m»l 
In. i.  0  1    to  05  •rronttllg  to 

BMNDMSI 

Alkalinity 


1  Woodman- Nortor  trr  and  Kuud.  1914,  pp. 
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Organic. — Tho  ammonias  and  nitrites  are  indices  of  recent 
pollution  and  then-fun-  I  heir  presence,  even  in  minute  quantities, 
casts  suspicion  on  the  source  of  supply.  Nitrates,  however,  indi- 
cate past  pollution  except  in  deep  ground  waters,  with  always 
the  possibility  of  renewed  pollution  in  t  lie  future.  Their  presence, 
per  se,  is  not  sufficient  cause  for  condemnation,  particularly  in  a 
supply  wholly  from  subsurface  soum 

The  lack  of  oxygen  dissolved  in  a  water  indicates  organic 
matter  lias  been  or  is  present  in  a  decomposed  form,  which  is 
using  up  the  oxygen  in  the  water  for  its  oxidization.  \Yat» -r 
which  is  less  than  40  per  cent,  saturated  with  oxygen  should  be 
condemned  as  unfit  for  use. 

Mineral. — The  presence  of  iron  in  a  supply  is  objectionable, 
because  of  the  stains  imparted  to  clothing  in  laundering,  or  to 
fixtures  or  utensils,  as  well  as  to  the  unpleasant  metallic  tastes 
when  present  in  quantity. 

Chlorine  is  found  in  all  natural  waters.  Its  source  may  be 
salt  deposits  in  the  soil,  or  sea  salt  carried  inland  from  the  sea 
by  wind,  precipitated  with  the  rain.  Where  the  normal  chlorine 
is  known,  an  excess,  in  the  absence  of  soil  deposits,  is  a  sure 
indication  of  pollution. 

The  allowable  hardness,  like  color  and  turbidity,  depends  on 
the  location  of  the  supply.  In  Eastern  United  States,  waters 
with  a  hardness  of  50  parts  per  million  are  rare,  while  in  the 
West  300  parts  of  hardness  is  not  uncommon.  In  general, 
however,  10  parts  per  million  of  hardness  characterizes  a  soft 
water,  25  to  30  parts  an  average  water,  50  parts  and  over  a  hard 
water,  and  a  hardness  of  150  parts  per  million  or  more  is  said  to 
be  "excessive." 

The  chief  objection  of  the  domestic  consumer  to  excessive 
hardness  is  the  amount  of  soap  required  to  soften  the  water- 
eight  parts  of  soap  being  required  to  counteract  one  part  of  hard- 
ness. Where  the  hardness  is  less  than  10  parts  per  million, 
however,  considerable  trouble  is  experienced  from  the  corrosive 
action  of  the  CO2  in  the  water  on  the  plumbing  fixtures.  The 
most  desirable  water  for  general  use  contains  not  less  than  10 
or  more  than  30  parts  per  million  of  hardness. 

Alkalinity  and  sulphates  are  indices  of  particular  value  in  the 
coal  mining  regions,  where  water  may  be  contaminated  by  mine 
drainage. 


j 

SELECTION  OF  SOURCE  OF  SUPPLY 

Extensions  cf  Existing  Supply.— Quantity.— In  matt  instance*, 

housing  uncnts  aro  r<  <i  either  adjacent  to  or  near 

u«  or  towns;  so  that  connexions  to  the  minting  utOi- 

le.     In  extending  the existing  *.. 

supply  to  embrace  the  new  community,  it  is  desirable,  before 

into  contractual  relation*  with  t  he  water  woHui  organiia- 

the  water  plant  already  existing,  or  to  be 

enlarged,  can,  in  addition  to  tin-  -upply  of  the  present  population, 
take  on  the  additional  population  of  the  housing  development. 
Theexi>  iMU-r.,  i»e  supplied,  in  all 

probabilit  y  ite  of  use  already  established  (if  reasonable). 

aoMition:-.!  population  will  U-  supping  :it  the  amounts  pre- 
viously discussed  arid  drjM-iulcnt  ujion  character  of  service  and 
allowance  for  habits  and  use. 

Quality. — Water  furnished  to  a  housing  development  from 
an  adjacent  system  should  at  all  times  correspond  and  be  in 
accordance  with  the  sanitary,  physical  and  chemical  require- 
ments previously  set  forth.  T"  thii  ood,  laboratory  control 
and  checks  should  bo  made  from  time  to  time,  if  not  already 
introduced,  to  assure  continued  purity  and  saf- 

In  case  the  water  is  drawn  from  a  surface  supply  unfiltrred  or 
unproteeti-.l.  the  installation  of  tilt  nit  inn  or  sterilisation,  or  both, 
should  be  strongly  urged.    Such  may  be  an  absolute  necessity 
ben  )><  .ruination.     Cooperation  with  the  local 

health  authorities  should  be  sought,  to  enforce  the  adoption  of 
proper  safeguarding  measures. 

In  general,  waten  from  deep  artesian  wells,  or  from  carefully 
<>loped  ground   water  supplies  in   their  natural  state  are 
acceptable,  if  protected,  and  provided  the  mineral  content  if 
satisfactory. 

Pressure. — Where  extension  of  existing  water  supplies  m 
sary,  it  is  desirable  to  have  some  reasonable  standard  of 
While  h  v  <!<>  pi  ncnte  are  largely  residential,  highl 

or  other  pul.lir  buildings  may  occur 'and  proper  fire  protection 
should  be  provided  therefor. 

In  genera],  40  pounds  per  sq.  in.  is  the  minimum  domestic  fir* 
pressure  that  should  be  provided  in  mains.  This  is  further 
discussed  under  the  siil>jert  M!  :. ut ion  of  Water." 

Where  fire  pressures  are  now  maintained  by  firp  service  pump*, 
ample  and  duplicate  pumping  machinery  should  be  presto t. 
it 
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New  Supply  System. — Where  a  \\ater  supply  necessitates  the 

development  of  new  sources,  proMei  m  the  eon>iderat.ion 

of  this  important  SUl>jcct  which  are  extremely  complex  ami  deeply 

technical,  involving  the  sciences  of  bacteriology,  chemistry, 
hydraulics  and  engineering.  The  same  questions  of  quantity 
and  quality  arise  as  in  the  consideration  of  an  existing  system. 
1 1  il  intended  here  to  point  out,  only,  the  varinu-  !'acim>  affecting 
the  choice  of  a  source  of  supply;  together  with  .u-rm-ral  principles 
concerning  the  requisite  size  of  works  to  adequately  «  are  for  ihe 
present  demands  for  water  and  also  such  increase  as  may  be 
required  by  the  future  growth  of  the  development. 

The  two  main  divisions  into  which  water  supplies  may  be 
separated  are  ground  water  supplies  and  surface  supplies.  It 
is  unusual  that  both  a  ground  and  surface  supply,  capable  of 
full  development,  are  available.  Should  such  a  situation  arise, 
the  choice  of  the  most  suitable  supply  may  be  determined  readily 
by  a  comparative  estimate  of  the  first  cost,  annual  ch.i 
each  development  and  a  study  of  the  relative  advantages  and 
disadvantages. 

Ground  Water  Supplies. — To  procure  water  economically  in 
the  large  quantities  required  for  public  supplies  from  a  well 
system,  there  must  be  present  a  water-bearing  formation  of  con- 
siderable extent  and  porosity.  The  location  of  such  a  deposit 
cannot  readily  be  determined  from  surface  indications,  but  re- 
quires either  an  extensive  study  of  the  geological  strata  under- 
lying the  well  site,  coupled  with  borings  and  tests;  or  the  random 
sinking  of  wells  in  various  localities,  with  properly  conducted 
pump  tests,  which  is  a  rather  expensive  experiment.  In  many 
localities,  considerable  data  on  water-bearing  strata  have  been 
collected  by  the  United  States  Geological  Survey  and  various 
state  agencies,  which  arc  available  for  public  use,  and  are  a 
valuable  aid  in  selecting  a  possible  site  for  a  well  field. 

A  favorable  location  for  a  well  plant  will  be  at  a  point 
where  the  ground  water  is  reached  with  the  least  lift  of  the 
pumps.  This  will  ordinarily  be  on  low  ground  and  often  in  the 
vicinity  of  surface  streams.  If  wells  thus  placed  are  pumped  too 
low,  they  may  draw  water  from  the  stream  as  well  as  from  the 
ground  water,  a  result  sometimes  undesirable,  particularly  when 
such  a  stream  is  polluted. 

The  best  method  of  estimating  the  capacity  of  a  well  field  is 
by  means  of  actual  pumping  tests  carried  on  for  a  sufficient  length 
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of  time  to  bring  al*wt  an  approximate  state  of  equilibrium  be- 
tween the  supply  and  dem  :.-u»rmiu. 

ground  water  l«-\vl.  JNimpmg  U«U of  tthort  duration  an*  apt  to  be 
very  deceptive,  nine*  the  aouree  may  be  an  underground  basin  or 
reservoir  with  v.-rv  lit  id-  movement,  eomsponding  to  a  surface 
A  i  t  h  tunall  watenthcd.  An  approximate  idea  of  the  amount 
of  water  actually  flowing  per  unit  of  time  through  the  area  in 
question  may  bo  had  by  climating  the  velocity  of  Bow,  by  mean* 
of  electrical  and  salt  testa,  the  cross  section  of  the  porous  stratum, 
and  the  percentage  of  porous  space;  or  by  estimating  the  prob- 
able percolation  on  1 1.  ry  area, 

The  bacteriological  quality  of  ground  waters  is  in 
cxcell.-n'.  \vhm-  proper  precautions  are  taken  to  prevent 
tainiimtion  i.y  surface  water  from  too  close  proximity  of  polluted 
sources.  The  water  pawing  through  the  soil  layer*,  which  act 
as  a  natural  filter,  usually  renders  the  water  in  deep  wells  <juit<* 
satisfactory.  On  the  other  hand,  the  percolating  water,  by 
of  contained  carbon  dioxide  obtained  from  the  air,  dis- 
solves large  quantities  of  both  organic  and  inorganic  salts, 

he  water  unfit  for  use  on  account  of 
hardness,  or  high  conn -nt  of  iron  or  manganese.  In  the 
of  humus  and  absence  of  oxygen,  the  sulphates  may  be  reduced 
drogen  sulphide  and  the  nitrogen  compounds  to  ammonia, 
thereby  rendering  the  water  nauseous.  Ordinarily  the  quality 
of  ground  u.i'.  r  is  impaired  by  storage* 

\\hnv  tin-  hardness  of  the  subsurface  waters  is  svnessive,  as 
is  likely  !..  !...  the  case  in  the  limestone  regions  of  the  cv 
states,  softening  treatment  hy  means  of  chemicals  and  filtration 
may  be  prerequisite.  In  the  majority  of  cases,  however,  no 
ii  ill  rat  ion  other  than  aeration  and  perhaps  subsequent 
settliim  N  required  with  a  ground  water  supply, — an  item  of 
considerable  importance  when  compared  with  a  surface  supply. 
This  advantage  is  somewhat  affected,  however,  by  the  fact  that 
with  a  w.-ll  supply,  pumpin:  iriably  no  Pessary,  usually 

requiring  two  sets  of  pump*  to  lift  the  water  from  the  ground  to 
-.ut inn  system;  while  with  a  surface  supply  it  is  some 
times  possible  to  obtain  a  gravity  -upply  rvquiring  no  pumping  at 
all. 

Surface  Water  Supplies.— When  a  stream  k  under  consideration 
as  a  source  of  water  supply,  the  peculiarities  of  it* 
minimum,  maximum  and  total  flow  for  various  periods  of  til 
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are  among  the  first  things  to  l>e  determined.  The  most  accurate 
and  direct  method  of  <1«  t« nnining  these  is  by  means  of  careful 
gagings  extending  over  several  years;  which,  to  be  of  the  greatest 
value,  must  include  periods  of  hi^h  Mood  and  periods  of  drought . 
The-  United  States  Geological  Survey,  in  c<M,|,(.  r;i  lion  with  various 
States  Commissions,  maintains  gaging  stations  on  most  of  the 
principal  streams  in  the  United  States,  with  records  available  to 
the  public. 

Where  gagings  are  not  available,  or  where  they  are  very 
limited  in  extent,  estimates  nrnst  l>e  made  from  rainfall  record-, 
absorption  and  run-off,  and  from  a  comparison  with  other  streams 
whose  flows  are  known. 

The  dry  weather  flow  of  streams  is  maintained  entirely  from 
ground  and  surface  storage;  and  as  facilities  for  such  storage 
vary  in  different  watersheds,  so  will  the  minimum  flows  bo  unlike. 
For  streams  in  the  Atlantic  Coast  States,  records  indicate;  that, 
for  watersheds  of  less  than  200  sq.  mi.  in  area,  the  minimum  flow 
varies  from  nearly  0.05  to  about  0.?  second  feet  per  square  mile, 
averaging  0.10  or  0.12.  In  the  upper  Mississippi  Valley  the 
minimum  flow  of  streams  is  much  less,  and  it  sometimes  becomes 
zero  for  watersheds  of  several  hundred  square  miles  drainage 
aru.i.  while  further  west  the  same  is  true  of  much  larger  streams. 
In  general,  to  supply  a  population  of  5,000  persons,  a  drainage 
area,  without  artificial  storage,  of  10  to  40  sq.  mi.  will  Ix?  required. 

Naturally  the  availability  of  running  streams  has  led  to  their 
adoption  as  sources  of  water  supply  more  frequently  than  any 
other  kind  of  surface  water;  but  it  must  be  remembered  that  this 
is  not  because  they  are  of  better  quality.  The  use  of  surface 
waters,  particularly  those  of  flowing  streams  in  densely  popu- 
lated watersheds,  is  a  menace  to  public  health,  unless  they  are 
first  subjected  to  some  method  of  artificial  purification. 

Wherever  the  minimum  rate  of  yield  of  a  source  of  water 
supply  is  less  than  the  demand,  the  excess  of  demand  over  supply 
may  often  be  provided  for  by  storing  the  surplus  waters  during 
periods  of  greater  yields  in  impounding  reservoirs.  Such  reser- 
voirs are  usually  formed  by  constructing  a  dam  across  the  valley 
of  the  stream.  Natural  ponds  or  lakes,  however,  can  frequently 
be  used  as  reservoirs.  Tin-  value  of  ponds  or  lakes  for  storage 
will  depend  upon  the  available  (net)  storage  or  amount  the  sur- 
face can  be  varied  in  elevation,  and  not  upon  their  total  capacity. 

The  safe  yield  is  based  upon  considerations  of  rainfall,  run-off 


WATER  suri'i  y  161 

and  storage;  or,  if  the  run-off  in  not  available*,  upon  like  data  for 
a  win  inago  area  properly  weighed  for  local  condition*, 

Con-idei-aNe  Mud>  has  beau  i?i\.-n  ?..  ih.-  jrWd  oi  vsieabedi  bn 
New  England,  and  some  clue  where  on  large  supplie*,  and  experi- 
ence shows  that  only  small  storage  is  necessary  to  obtain  200,000 
to  300,000  gal.  daily  per  *quare  mile,  Imt  for  larger  yields  much 
storage  must  be  provided.     In  general,  the  storage 
which  will  be  required  to  supply  a  constant  draft  of  loo.ooo  ^.,1 
IMT  square  mile  from  a  given  area  will  vary  between  10  and 
35  mil.  gal.  per  square  mil.-,  in  the  Eastern  and  Central  part*  of 
the  United  State*,  \\  !ul«-  in  the  West  and  South  a  much  greater 
quantity  is  required.     It  is  generally  found  inexpedient  to  at- 
tempt  to  secure  more  than  80  per  rent,  of  the  average  run-off; 
in    develop   more   than   500,000  gallons  per  square  mile  of 
ige  area.    Swamp  lands  detract  from  the  storage  value  of 
a  watershed,  as  they  promote  evaporation. 

Having  decided  upon  the  area  which  may  be  available,  the  next 
step  is  to  select  a  suitable  rose'  ••.     The  location  is  largely 

determined  by  the  distance  of  the  reservoir  from,  and  elev 
above,  the  point  of  distribution.  Long  distances  require  heavy 
expenditures  for  conduits  or  pijM-  lines,  hut  these  expend 
are  relati  \.-ly  !•--  the  larger  the  quantity  of  water  furnished. 
For  larger  communities,  it  will  IM-  practicable  to  go  much  further 
for  water  than  for  small  <-ii  it-.  It  is  desirable  that  the  reservoir 
shall  be  at  sull'u -i. -nt  < •!< -vatimi  to  enable  all  or  at  least  a  part  of 
the  consumers  to  be  served  by  gravity  alone,  and  it  will  be 
economy  to  spend  a  rcaltively  large  sum  of  money  for  conduits  to 
this  advantage.  The  size  of  conduits  conducting  water 
from  the  source  of  supply  to  the  i>oint  of  distribution  should  U- 
such  as  to  deliver  the  requisite  quantity  of  water  without  undue 
loss  of  head. 

The  >ame  remarks  regarding  quality  of  surface  waters  apply 
ious  discussion;  but .  in  the  case  of  large  impounded 
supplies,  considerable  puriti<-:ition  takes  place  in  the  reservoir 
In  the  storage  of  surface  waters,  sedimentation  is  effec- 
ive  in  eliminating  much  of  the  susjM-nded  matter,  including  liv- 
ing organisms  as  well  as  a  portion  of  t  he  .  >rganic  mat  t . -r.     Where 
considerable  mineral  matter  is  in  suspension,  as  in  many  rivers 
especially  during  flood  seasons,  the  degree  of  purification  by 
suUidenre  i«.  even  greater  ii.an  where  <;:'   mpsjodad  nBdi  HI 
less.    The  color  of  waters,  espet -ially  when  due  to  organic  mat- 
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ter.  is  lessened  l»y  Morale,  although  the  bleaohing  action  of  I  lie 
sun's  rays  does  imi.  extend  rapidly  to  great,  depths.  In  general, 
about  10  to  30  per  cent,  reduction  in  color  may  be  expected. 
The  watershed  should  lx>  subject  to  strict  sanitary  inspection 
and  supervision,  and  even  where  fill  rat  inn  is  not  necessary,  some 
type  of  sterilization  apparatus,  such  as  that  employing  liquid 
chlorine,  should  be  installed  for  emergency  use. 

Summary  of  Factors  Affecting  Choice  of  Supply. — Where  a 
housing  development  is  adjacent  to  a  city,  there  is  little  choice  in 

the  selection  of  a  SOUrce  Of  supply,  since  it    is   usually  cheaper  to 

obtain  water  by  the  extension  of  the  city  system.  Where,  a  new 
supply  must  lx»  sought,  the  choice  between  a  ground  water  sup- 
ply and  a  surface  supply  is  usually  dependent  upon  the  availa- 
bility or  the  existence  of  such  supplies. 

The  quantity  of  water  available  is  perhaps  the  most  potent. 
factor  in  the  choice  of  supply.  The  size  of  tributary  watershed 
of  a  surface  supply,  or  the  extent  of  the  water-bearing  stratum 
for  a  ground  water  supply,  is  of  fundamental  importance,  since 
it  determines  the  possibility  of  economical  future  extensions  to 
the  supply.  The  cost  of  development  of  a  surface  water  supply, 
by  the  construction  of  impounding  reservoirs,  is  usually  prohibi- 
tive for  a  small  housing  development ;  so  that  unless  the  water- 
shed of  a  natural  stream  near  the  site  is  of  sufficient  si/xj  to  supply 
the  requisite  quantity  of  water  without  impounding,  the  de- 
velopment, of  a  ground  water  supply  if  available  will  usually  be 
found  most  economical. 

Concerning  the  relative  quality  of  supplies,  a  clear,  soft,  cool, 
ground  water  supply  of  known  purity  is  most  acceptable. 
Whore  such  is  not  available,  the  relative  costs  of  a  distant  un- 
polluted or  an  adjacent  contaminated  supply  must  be  fully 
weighed.  The  cost  of  softening  or  removing  iron  must  be  taken 
into  account  in  considering  alternate  supplies. 

A  gravity  supply,  even  for  a  portion  of  the  total  housing 
development,  is  very  desirable,  since  the  cost  of  pumping  even 
small  quantities  of  water  amounts  to  considerable. 

PURIFICATION  SYSTEMS 

Preface. — The  various  processes  of  purification  may  be 
divided  into  two  groups,  (1)  those  for  the  removal  of  suspended 
impurities,  and  (2)  those  for  the  removal  of  dissolved  impurities. 
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Of  tho  first  clam  there  arc  two  general  pro  nesses,  sedimentation 
and  tilii-aiion.  ;-.ih  of  which  may  be  called  natural  processes. 
hi  tho  aooond  olaaa  are  the  removal  of  dissolved  impurities  by 
coagti:  ,,  uMiali  mg  subsequent  sediment*- 

for  tho  removal  of  the  precipitate. 

Other  moUiodM  of  purification  are  by  di»t illation,  in  which 
practically  all  impurities  are  removed,  and  the  various  method* 
of  MI- i.  MI  \\liirh  the  bacteria  are  simply  destroyed. 

It  will  readily  In-  MN-H  that  each  problem  in  water  purification 
demands  individual  treatment;  and  that  the  best  method  to 
adopt  in  any  case  will  depend  upon  the  character  of  the  water, 
the  use  to  win.  1.  it  m  to  be  put,  and  the  relative  costs  of  ihe 
various  treatments.  No  one  process  is  universally  applicable; 
fun!..  wo  processes  for  removing  the  same  kind  of 

impurity,  the  most  efficient  may  not  in  all  cases  be  the  best. 
The  highest  efficiency  is  not  always  necessary,  and  in  such  oases 
economy  may  pn>i»erly  be  secured  by  the  adoption  of  a  system  of 
less  rili.-i, •!,,->•  l.i ii  «,f  lower  cost. 

Plain  Sedimentation. — Plain  subsidence,  or  sedimentation,  is 

adapted  to  the  puiitication  <>f  a  water  rout  ainini:  a  PObsidftbll 
silt  or  clay.  It  is  the  cheapest  method  of  removing  particli-s 
which  would  clog  an  ordinary  filter  and  which  settle  out  in  a 
moderately  short,  time.  The  process  is  effected  in  open  hMin^ 
with  concrete  floors,  or  in  impounding  reservoirs  which  arc 
designed  to  hold  from  a  few  hours'  to  several  day's  supply. 
Cleaning  is  usually  accomplished,  in  the  case  of  artificial  basins, 
10  use  of  hose  streams  which  flush  the  sediment  through 
specially  designed  drains.  The  siie  of  sedimentation  basins  to 
effect  the  requisite  subsidence  is  dependent  mainly  upon  the 
size  of  particles  to  be  removed  and  somewhat  upon  their  specific 

Results. — In  general,  \\--Il  1  Kittled  basins  without  too  great 
having  a  capacity  equal  to  6  hours'  flow,  will  remove 
particles  less  than  0.02  nun.  in  diameter;  while  a  capacity  equal 
to  24  hours'  flow  will  remove  particles  less  than  0.007  mm. 
Collodial  suspended  matter  in  d:.y-lx»aring  streams  cannot 
be  removed  even  after  weeks  of  sedimentation.  The*  efficiency 
of  sedimentation  is  a  function  <>f  the  area  and  of  the  specific 
gravity  and  shape  of  tho  particles. 

Filtration. — Tho  two   principal  classes  of  filters    are  ' 
Sand.  iish,"   and   "Rapid   Sand."  or  "Mechanical" 
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filters.  Each  is  particularly  adapted  to  the  purification  of  cer- 
tain typee  of  water,  both  are u>«l  \\nli  preliminary  sedimentation. 

Slow  Sand  Filters. — For  a  water  having  a  turbidity  p -IK -rally 
leas  than  50  pan-  per  million,  or  a  color  leas  than  20  parts 
!"•!•  million,  slow  sand  filters,  without  coagulation,  gm  BXft  Kent, 
results.  They  consist  of  artificial  sand-filter  be<ls  cont, -lined  in 
-onry  basins.  The  size  of  units  is  large  compared  with  the 
i:t|>id  sand  filter,  each  unit  containing  about  one  acre. 

The  influent  containing  impurities  is  applied  to  the  top  of 
the  sand  layer  at  a  rate  of  2  to  6  million  gallons  per  acre  per 

day,    dependent     lljxni    the    ehararter    of    the    \\ater.      The     filter 

acts  primarily  as  a  strainer,  the  interstices  between  the  sand 
grains  being  small  and  serving  to  stop  all  particles  too  lar^e  to 
pass  through  them.  The  effluent  is  drawn  off  the  filter  through 
a  system  of  underdrains,  constructed  of  tile  pipe  with  open 
joints. 

When  the  accumulation  of  impurities  on  top  of  the  sand  layer 
has  become  so  great  that  the  loss  of  head  through  the  filter 
equals  3  to  4  ft.,  the  filter  is  cleaned  by  scraping  ^  in.  to  %  in. 
of  sand  from  the  top;  a  process  which  must  be  repeated  every 
1  to  3  months.  About  once  a  year  the  sand  so  removed  is  re- 
placed after  it  has  been  washed  and  cleaned  of  gross  impurities. 

The  bacteriological  efficiency  of  the  slow  sand  filter  rariei 
between  95  and  99  per  cent.  Some  typical  results  are  shown  in 
Table  23  below. 

TABLK     23. —  H  \<  1 1  KIOLOGICAL     En  OF     SLOW     SAND     Fn 


Lorn- 

Year  of  record 

Lawrence,    Ma.—                  

Old  filter..                             

Ave.—  190&-1916 

97.5 

New  filter..                           

Ave.—  1909-1916 

'.Mi    '.) 

rigton,  D.  C.  . 

.—1907-1912 

98.4 

Albany,  N.  Y... 

Ave.—  1917-1918 

!•.-,  »; 

About  one-third  of  the  color  can  be  removed  in  the  process  of 
filtration,  while  25  to  50  parts  per  million  of  turbidity  can  be 
successfully  applied  to  the  filter. 

Rapid  Sand  Filters.— The  chief  use  of  the  "Rapid  Sand"  or 
"Mechanical"  filter  is  in  the  purification  of  waters  having  a 
turbidity  of  more  than  50  parts  per  million  or  a  color  of  more 
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than  30  partM  p. T  million.  In  contradistinction  to  the  alow  nod 
miluont  in  applied  to  the  sand  layer  at  a  rate  of  about 
125  million  gallons  per  acre  per  day,  after  addition  of  coagul 
chemicals  such  aa  aluminum  sulphate,  or  lime  an<i  iron.  The 
site  of  sand  particles  is  aomewhat  larger  in  the  rapid  than  in  the 
alow  Hand  filter,  their  effective  siaoa  being  0.45  to  0.50  mm.  and 
0.25  to  0.30  mm.  reapeetively.  The  effluent  w  drawn  off  through 
a  specially  designed  stmmei^system,  which  alto  aervea  aa  an  inJet 
to  the  waah  water. 

Wanliiim  tin-  filter,  which  becomes  neceaaary  when  the  loat 
head  equals  7  to  loft.,  or  every  12  to  L>|  hrs.,  ia  accomplished  by 
reversing  tin-  <lm  <  tn.n  ,,f  flow  through  the  filter.  The  "mat" 
on  the  surface!  w  lifted  by  the  rapid  flow  of  water  and  ia  carried 
off  t  h  rough  special  gutters  which  connect  with  the  aewer.  The 
quantity  of  wash  water  required  varies  from  0.4  per  cent,  to 
1.0  per  cent,  of  tin-  total  quant  i-  1.  The  filter  "mat" 

in  this  case  ia  formed  l>\  th<-  flocculcnt  precipitate  resulting  from 
the  addition  of  chemicals  prior  to  the  filtration  process. 

The  bacteriological  efficiency  of  rapid  sand  filters  is  about 
the  aame  as  the  slow  sand  type.  Some  typical  results  are 
shown  in  Tal  low.  These  results  are  apparently  higher 

than  in  the  case  of  slow  sand  filters;  however,  the  growth  of 
bacteria  in  the  underdrains  of  the  latter  reduces  the  apparent 
percentage  removal. 

TABLE    24. — HAITI,  i  <»•    RAPID    SAND    Ft  LIT.  M 

Y  r«r  of  rveoid 


Avc.  1909-1918 

('nlilMilui*.  Ohm 

99.1 

Avc.  1017-1918 

Loukvill.     Ky                                                       \ve.  1917 

The  removal  of  high  color  and  turbidity  is  practically  without 
limit,  since  it  is  dependent  upon  the  addition  of  chemicals,  the 
great,  r  turbidity  iv<juiriiig  more  pn*cipitant. 

Coagulation. — The  pur|****s  of  ix>:igtilation  are  to  colk»ct  the 
fine  suspended  matter  in  tin-  watrr  into  clots  or  m asses  of  a  aiae 
which  will  settle  to  the  bottom  of  the  sedimentation  basins,  and 
also  to  form  a  film  o\vr  t  h<>  filter  sand  preventing  even  the 
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8U8i*-ii<l«-<l   particles  from   passing  through.     Coagulation  also 
assists  in  removing  color,  odors  and  tastes  from  tin-  water. 

The  process  of  coagulation,  principally  u«-<l  with  raj)id  filtra- 
tion, consists  in  the  addition  of  salts  of  aluminum  or  iron  to  a 
water  containing  solutions  of  hydroxides,  carbonates  or  hirar- 
bonates  of  the  alkalis  or  alkaline  earths,  thereby  forming  gela- 
tinous precipitates  of  the  hydroxides  of  Ili«'  metals.  As  is 
commonly  the  case  of  solutions  in  water,  such  floe  tends  to  form 
about  the  particles  of  silt,  bacteria,  etc.,  present  in  the  \\: 
and,  uniting  with  other  flakes  of  coagulum  t  he  masses  thus  forim-- 1 , 
eit  her  settle  to  the  bottom  of  the  sedimentation  basin  or  are  finally 
caught  on  the  filter  surface.  Coagulation  with  alum,  without 
subsequent  filtration  is  not  to  be  recommended  for  a  potable 
water  supply. 

Aluminum  sulphate  is  very  successful  in  removing  color  caused 
by  the  tannates  and  gallates  in  swamp  water.  17  parts  per  mil- 
lion will  remove  about  10  parts  per  million  of  color.  In  the 
removal  of  turbidity  the  amount  required  depends  on  the 
fineness  and  amount  of  turbidity.  Aluminum  sulphate  will 
react  directly  with  the  natural  alkalinity  of  the  water,  if  there  is 
sufficient  of  the  latter.  Each  part  per  million  requires  for  com- 
plete reaction  from  0.3  to  0.45  part  per  million  of  natural  alka- 
linity, unless  there  be  large  amounts  of  organic  matter.  De- 
ficiencies in  alkalinity  may  be  corrected  by  the  addition  of  lime 
or  soda  ash. 

The  advantages  of  the  use  of  ferrous  sulphate  over  "alum" 
are: — the  cost  of  treatment  is  generally  cheaper,  especially  with 
very  turbid  waters;  and  the  coagulum  formed  is  of  greater  spe- 
cific gravity  than  in  the  case  of  alum,  causing  a  more  rapid  sedi- 
mentation. It  cannot,  however,  well  be  used  with  colored 
swamp  water. 

Sterilization. — While  properly  treated  and  filtered  water  is 
practically  free  from  bacteria,  it  has  of  late  years  become  custo- 
mary to  treat  the  filtrate  with  a  germicide  as  an  additional 
precaution. 

Hypochlorite  of  lime  has  been  very  extensively  used  for  this 
purpose  but  is  being  replaced  by  the  use  of  liquid  chlorine.  The 
latter  is  easier  to  control,  more  exact  in  application  and  is  not. 
so  likely  to  cause  tastes  and  odors.  Sodium  hypochlorite  and 
ultra  violet  rays  have  been  used  to  some  extent.  Ozone  and 
copper  sulphate  have  also  been  tried. 
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Hypochlorite  exerts  a  destructive  action  on  the  bacteria  in 
the  water,  readily  dtwtn  h  pathological  bacteria  at  B. 

T\ phunuH  and  the  cholera  spirillum.  The  bleach  may  be  ap- 
plied to  the  raw,  settled  or  filtered  water,  but  is  least  effectively 
applied  to  the  raw  water. 

The  germicidal  effect  of  liquid  chlorine  result*  from  the  libera- 
tion of  nascent  oxygen  in  volutions  as  well  as  from  iu  action  as 
a  specific  germ  poison. 


Flo.  26.— Growth  of  water  filtration  in  the  United  Stattt 


Summary. — The  constantly  m<  reasing  pollution  of  sources  of 
water  supply  is  making  necessary  tin-  purification  of  prartirally 
all  supplies.  The  trend  of  the  times  appears  to  be  toward  the 
adoption  of  rapid  sand  filters  for  general  purification.  Fig.  26 
herewith  shows  the  increasing  popularity  of  the  rapid  sand  filters 
in  tlm  United  States. 

The  various  chemicals  employed  by  124  filtration  plan 

mia  is  typical  of  phmts  throughout  the  country.    A 
summary  is  shown  below  in  Table  25. 
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TABLB  25.— CHEMICALS  USED  IN  WATER  PURIFICATION  IN  PENNSYLVANIA 
BASED  11  >F   Ul    I'IKTIIATUMI    PLANTS 


C.'..  i, ...•:.!  .,:, ,,!,,>  ,-, I 


Nun  i 
plant 

pl<  tying 
rhi  nut-ills 


Sulphate  of  aluminum 
Hvdratrd  limr 
Iron  sulphate. 


102 
20 
4 

Chlorinated  limr  104 

Chlorine  gas..  10 

1 
1 
3 


thiosulphatc 
Copper  sulpha  i 
NQM 


DISTRIBUTION  OF  WATER 

Pressure  Requirements. — Domestic  Use. — For  domestic  use, 
it  is  generally  found  that  a  minimum  service  pressure  of  20  poumls 
per  square  inch  on  the  top  floor  of  a  dwelling  house  will  give  a  flow  of 
water  that  is  completely  satisfactory.  Where  houses  are  not 
more  than  three  stories  in  height,  this  means  that  a  pressure  of 
about  35  pounds  at  the  street  level  is  required.  A  pressure  of 
50  pounds  per  square  inch  at  the  curb  would  generally  supply 
buildings  six  stories  in  height  with  satisfactory  water  pressin 
Pressures  of  75  to  100  pounds  are  required  in  business  districts. 

At  the  highest  point  in  the  development,  pressures  somewhat 
lower  than  the  above  limit  may  be  permitted.  In  special  in- 
stances of  this  kind,  in  strictly  residence  districts  where  water  is 
not  used  above  the  second  floor,  pressures  at  the  curb  as  low  as 
25  pounds  per  square  inch  have  been  and  are  used  with  reasonable 
results,  provided  the  service  pipe  and  inside  plumbing  are  ca- 
pacious enough. 

Fire  Service. — For  fighting  fires,  where  fire  engines  are  used, 
the  only  demand  upon  the  piping  system  is  to  supply  water  to 
the  engines  without  requiring  them  to  work  under  a  suction  lift. 
For  this  purpose,  an  actual  pressure  of  20  Ib.  per  sq.  in.  at  fire 
hydrants  is  as  good  as  more,  providing  such  a  pressure  be  consist- 
ently maintained  undcrdraft. 

It  is  common  practice  in  small  systems  to  so  arrange  the  pump- 
ing works  that  pressures  in  the  distribution  system  may  be  raised 
temporarily  during  timos  of  fire,  thus  avoiding  the  use  of  fire 
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engine*.    This  sn  •  fire  protection  facilities  is  one  fully 

covered  under  "  Piping  Systvn 

Fire  Protection.     I       -  —The  value  of  fire  protection  it  not 
shown  in  the  learned  property  damage,  but  b  also  evident 
ui  1)10  decreased  insurance  rate*  resulting  from  the  install 
of  adequate  fire  fighting  facilities.     Installation  of  belter  fire 
..-ihties  will  I'lmu'  aUmt  a  reduction  ill  rates  of  insur- 
ance, other  things  being  equal. 

Corf.— The  cost  of  furn.-hing  water  for  fire  protection  to 
property  is  out  of  all  proportion  to  the  amount  of  water  used,  for, 
while  the  cost  <>f  construction  is  greatly  affected,  thcamot. 
water  consumed  is  slight.  The  extra  cost  involved  in  furnishing 
adequate  tin-  protection  il  (fa  iMfest)  toil  ••  ••-••:  ;  I  ;  B| 
capacity,  sixe  of  mains,  reservoirs  or  standpipcs,  and  to  hydrants 
and  connections. 

Careful  estimates  place  the  proportion  of  interest,  depreciation 
and  fixed  charges  chargeable  against  fire  protection  at  one- 
quarter  to  one-half  <>f  those  of  the  entire  water  works  system, 
sely  dependent  upon  the  siie.    Comparative  studies  hare 
shown  that,  except  in  a  few  of  our  largest  a  ties,  it  is  impracti- 
cable to  maintain  a  separate  high  pressure  di  n  system 
for  tire  protection.     However,  cases  may  arise  in  V^t^ng  fa t"flflf^ 
ments  where  it  is  possible  to  secure  n  limited  amount  of  pure 
for  domestic  purposes  and  to  supply  water  for  fire  pur- 
poses pumped  ilm-.-t  ly  f n  »m  :i  Diluted  source;  a  dual  system  may 

prove  economical  and  wise. 

The  use  of  horse  or  motor  driven  fire  engines  m  usually  more 
economical  than  tlu>  attempt  to  maintain  high  pressures  through- 
out  the  combined  doi  w>tic  and  fire  service  system. 

Pumping  Works.— D««0n.— Where  water  cannot  be  obtained 

"ii  sufficient  to  produrr  :i  satisfactory  gm-. 
tie  point-;  \\ !  lie  used,  it  becomes 

to  provide  a  pumping  plant  for  this  purpose. 
This  design  involves  the  selection  of 
(1)  Best  source  of  energy  for  power  purposes. 
'    Most  economical  means  of  generation  and 
(3)  Type  of  pump  best  adapted  for  the  conditions. 

se  factors  are  often  largely  affected  t.y  the  nature  of  the 
water  supply,  and  by  various  other  features  of  the  water 
work-  system 
Pumping  units  seldom  operate  at  full  normal  capacity  all  the 
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time.  KHiciency  at  half  load  is  much  less  than  at  rated  capacity; 
hence,  the  theoivt  ical  duty  obtained  <»n  test  is  not  a  true  measure 
of  results  which  \\  ill  l>e  obtained  in  actual  operation.  A  common 
error  in  the  design  of  pumping  stations  is  to  subdivide  the 
maximum  total  pumping  capacity  required  into  units  of  equal 
capacity.  It  is  usual  that  a  subdivision  into  diflVrent  sizes  will 
allow  each  unit  to  l>e  operated  at  full  capacity,  and  thus  the.  result 
will  be  more  economical  than  would  otherwise  be  possible. 

Reciprocating  Pumps. — In  pumps  of  this  type,  a  piston  or 
plunger  (which  is  the  displacing  agency)  reciprocates  in  a  closed 
cylinder,  provided  with  the  necessary  inlet  and  outlet  valves, 
and  alternately  inspires  and  discharges  the  water  from  tin- 
chamber.  Pumps  of  the  piston  type,  owing  to  the  facility  with 
which  the  packing  can  be  renewed,  and  the  smaller  clearance 
spaces  in  the  pump  cylinders,  are  particularly  efficient  for 
lifting  water  by  suction,  especially  where  it  is  impossible  to 
prime  the  suction  piping  before  starting  the  pump. 

A  comparison  of  the  volume  of  water  pumped  and  the  theo- 
retical displacement  of  the  piston  gives  the  loss  of  water  due  to 
"slippage/1  Few  pumps  operate  with  less  than  4  to  5  per  cent, 
"slip",  while  it  is  not  unusual  to  find  10  to  30  per  cent.  The 
ordinary  efficiency  of  reciprocating  pumps  varies  from  60  to  85 
per  cent. 

Centrifugal  Pumps. — In  impeller  pumps,  of  which  the  centri- 
fugal is  a  familiar  example,  the  volume  of  water  is  moved  by  the 
continuous  application  of  power  through  some  mechanical 
agency  or  medium.  The  centrifugal  pump  consists  of  a  set  of 
si  raight  or  bent  vanes  or  impellers  mounted  on  a  shaft,  the  whole 
rotating  in  a  specially  designed  case.  The  water  which  enters 
between  the  vanes,  through  an  annular  orifice  surrounding  the 
shaft,  is  thrown  outward  toward  the  periphery  by  the  centrifugal 
force  developed  by  the  rotation  of  the  shaft. 

As  the  apparatus  contains  no  valves  or  parts,  it  is  part  icularly 
adapted  to  the  handling  of  water  containing  sand  or  grit.  As 
its  discharge  is  continuous,  it  has  an  advantage  over  reciprocating 
pumps  in  freedom  from  water  hammer  in  the  suction  and  dis- 
charge pipes. 

Each  centrifugal  pump  is  designed  for  special  conditions  of 
head  and  speed  and  operates  at  maximum  efficiency  only  when 
these  conditions  are  fulfilled.  When  any  alteration  occurs  in 
these  two  factors,  a  corresponding  drop  in  efficiency  is  noted. 
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The  ordinary  efficiency  of  a  centrifugal  pump  varan  between  a 
minimum  -I  50  per  cent,  and  a  maximum  of  HO  per  ci-m. 

Deep  Mr//  /'ui/ifii.— There  are  three  principal  types  of  deep 
wall  pump*  adapted  to  mall  water  work*  installation,  nnm. 

J  and  air  lift.    The  fin»t  two  are 
in  prinriplr  t«>  the  rospe<  ;*»  discussed  above  and 

need  no  fur*  .--i..!i. 

The  Jiir  lift  involves  the  discharge  at  the  bottom  of  the  well, 
^  I  coat  a  considerable  distance  below  the  water  surface,  of 
air  into  tin-  mouth  of  thedc>h\< TV  tulio.    The  air  mixes  *ith  the 
water  and  the  specific  gravity  of  the  mixture  is  so  reduced  that 
th<-  pressure  of  water  outside  the  delivery  tube  causes  the  mix- 
overflow  at  the  top.     I      :  the  greater  the  length 
of  pijx>  U  !..u  the  surface,  the  greater  the  difference  between 
weight   of  the  column*  within  an<l  without  the  tu  the 
greater  th«-     i  -mergence  and  the  higher  the  water  can  be  lifted. 
Generally  th«-  depth  of  MI  1 'mergence  is  made  1.5  to  2  times  the  lift. 

The  air  lift  is  especially  adapted  to  raising  water  from  great 
depths.  Tli.-  rtHrirnry  \.irica  between  a  minimum  of  15  per 
cent,  and  a  maximum  of  45  to  50  per  cent . 

PIPING  SYSTEM 

General.— The  piping  system  in<  hides  all  mains  and  lateral 

pipes,  standpipes  ami  «:  ng  reservoirs,  gates,  meters,  and 

all  services  and  connections.     The  piping  in  a  <iist  rilmt  ion  system 

must  be  designed  so  that  water  can  be  supplied  to  any  point 

my  time  at  the  greatest  rate  that  may  fairly  be  demanded 

.-it  that  j. 

Reservoirs. — The  purposes  and  functions  of  a  service  reservoir 
are: 

1 .  To  equalise  pressures  in  the  distribution  system,  by  providing  a 
nearly  constant  level  water  surface  from  whirh  these  take  their  sourer. 

2.  To  equalise,  or  to  reduce  to  a  uniform  rate,  the  draft  upon  the 
transmission  linen  leading  from  the  source  of  supply  and  in  this  way  to 
in<Tt>as4>  their  adequacy  and  thus  postpone  the 

the  capacity  of  tuirh  lines. 

To  provide  a  reserve  supply  of  water  to  be  used  in  such 
as  conflagrations,  or  failurv  of  th<>  transmission  linen  t>\  ruj.t 

over  supply  tmu hies  of  short  duration 

4.  To  equalise  the  momentary  variations  bet  ween  supply  and  demand 
tin.  Hint  ions  in  pressure. 

5.  To  allow  morv  uniform  operation  of  pumping  machinery. 
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The  proper  size  of  reservoir  to  meet  the  above  conditions  i< 
determined  by  the  fluctuations  in  domestic  draft  and  fire  fighting 
uses.  In  general,  in  small  communities,  especially  where  wain- 
is  supplied  from  a  distance,  the  service  reservoir  should  hold  at 
least  one  day's  supply.  For  fire  prot«  t ion.  the  National  Board 
of  Fire  Underwriters  recommends  a  capacity  sufficient  to  main- 
tain the  total  number  of  required  fire  streams  for  a  period  of 
from  6  to  10  hours. 

There  are  three  general  types  of  service  reservoir,  namely;— 
basins,  usually  const ru< -ted  in  cut  and  fill  and  generally  lined  with 
masonry;  standpipes  of  concrete  or  steel;  and  tanks  of  wood  or 
steel. 

Basins  are  usually  constructed  on  the  top  or  side  of  a  hill 
of  sufficient  elevation  to  give  the  requisite  pressure.  The  most 
economical  shape  is  determined  by  its  location,  the  round  reser- 
voir often  being  used  on  a  hilltop,  while  un  oval  shape  is  better 
suited  to  side  hill  locations.  It  is  not  unusual  to  cover  the  reser- 
voir with  a  concrete  roof  of  the  groined  arch  type. 

Standpipes  are  well  suited  to  the  use  of  small  communities, 
especially  where  the  consideration  of  pressure  is  vital.  The 
general  practice  has  been  to  install  standpipes  and  elevated  tanks 
of  sufficient  capacity  to  properly  protect  the  small  community. 
A  capacity  of  30,000  gal.  is  a  minimum  even  for  the  smallest 
community.  Reinforced  concrete  has  been  used  successfully 
for  tanks  of  a  variety  of  diameters  and  heights,  as  large  as  100  ft. 
and  150  ft.,  respectively.  Some  difficulty  has  been  experienced 
in  obtaining  waterproof  joints  in  the  concrete,  especially  in  the 
higher  standpipes. 

Steel  standpipes  were  much  used  until  about  1910,  but  owing 
to  their  greater  cost  and  the  great  danger  of  failure  of  high  stand- 
pipes,  few  are  being  Imilt  now.  Elevated  wood  and  steel  tanks 
are  largely  replacing  standpipes  in  small  communities. 

Fire  Service. — Quantity  Required.— The  amount  of  water  to 
be  provided  for  fire  service  depends  upon  many  circumstan 
among  others,  the  size  and  proximity  of  buildings,  the  materials 
and  methods  of  construction,  the  available  pressure,  the  avail- 
ability of  auxiliary  fire  systems,  the  probable  loss  of  life  and 
property  from  a  bad  fire,  the  cost  of  making  a  given  quantity 
of  water  available  and  the  financial  ability  of  the  system  or 
community  to  pay  for  doin^r  it 

Authorities  differ  somewhat  in  the  number  of  fire  streams 
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required  simultaneously  to  quench  fire*  in  various  sties  of 
American  cities,  as  shown  below  in  Table  26. 

TAJ*  US   2ft.—  ESTIMATED    NlMMEU   OF    PlKB   HrftCAUfl    RttjUlftKD   KlMULTA- 
NBOUNLY    IN    AyKOICAM   ClTIM    -  MTUt»B»* 


• 


. 

Fta~. 

,  ,  •  ., 

stedd 

1,000 

2toS 

:j 

4,000 

7 

ft 

5,000 

«i 

10,000 

6  to  12 

10 

7 

1 

20,000 

8  to  15 

10 

12 

000 

*  18 

11 

18 

•  Turnr:.  *•!!:  p,,i  Supplier  1010,  p.  745. 

The  values  as  gh  lilinu.  whi<-h  have  been  wid.-ly 

used,  may  be  expressed  by  the  formula  y  -  2.8 v/i,  where  41y" 
equals  the  number  of  streams  and  "s"  equals  the  population 
in  thousands. 

Another  method  of  computation  used  by  the  United  States 
Shipping  Board,  Emergency  Fleet  Corporation,  Passenger 
Transportation  and  Hou-iim  Division,  in  its  recent  housing 
developments,  was  to  provide,  in  addition  to  the  domestic 
supply,  fire  protection  capacity  at  a  rate  computed  in  million 
gallons  per  day  equivalent  to  the  square  root  of  the  population  in 
thousands. 

During  fires,  however,  it  should  be  possible  to  maintain  the 
MII  th<-  <lMnl>uti<»M  system  with. mi  seriously  interrupting 
the  domes?  i<-  <>r  iinhiM rial  <<>r\\<-<>.     In  other  words,  the  system 
he  adequate  to  care  for  a  conflagration,  plus  normal  indus- 
trial iiiM  <lnm<>stir  <l<-in:m<l.  :m.l  this  mark  must  beset  as  the  goal 
in  the  design  of  a  proper  distribution  system. 
Pressure  Required. — For  fighting  fires  directly  from  the  mains, 
ut  the  use  of  auxiliary  fire  engines,  the  National  Board  of 
Twriters  requires  not  less  than  00  Ib.  per  sq.  in.  at  th<» 
curl>.  whore  the  length  of  hose  is  not  to  be  more  than  300  ft. 
Greater  pressures  are  required  for  longer  lengths  of  hose.     How- 
Mirdmm  pressures  of  '  H».  per  sq.  in.  are  permissible 

and  .[int.-  useful  for  moderate  streams  with  -h.-rt  hose  lengths; 
•i. side  work  in  buildings  of  thnr  or  four  stories;  also  for 
klcr  systems  in  Unldings  of  small  to  medium  height, 
is 
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nrvioQ  pressures  of  100  Ib.  per  w\.  in.  and  <>\  !,  :Lk< 

in  plumbing  and  increased  waste;  water  pumped  ai  high  pressures 
contains  air  bubbles  as  dru\\  n  from  the  faucet,  making  water 
uninviting  for  drinking.  Few  cities  in  the  United  States  carrying 
fire  and  domestic  supply  in  the  same  pipes  have  hydrant  pressure 
of  100  Ib. 

•Inrd  Fire  Streams.  —  A  stream  flowing  250  pal.  per  minute, 
through  a  smooth  nozzle  1%  in.  in  diameter,  with  a  pressure  at 
the  base  of  the  tip  of  4f>  ll>.  per  <(\.  in.,  constitutes  a  standard 
fire  stream.  Such  a  stream  is  effective  to  a  height  of  70  ft.  a)  > 
the  ground  with  a  horizontal  carry  not  exceeding  63  ft.  When 
fed  through  the  best  quality  of  2%  in.  rubber-lined  hose,  the 
hydrant  pressure  required  to  throw  such  a  stream,  taken  while 
the  stream  is  running,  is  as  follows: 

Feet  of  Hose  .....................     50     100    200    400    600 

Pounds  per  sq.  in  .............  56      63      77     106     135 

Hydrants.  —  Hydrants  are  attached  to  pipes  in  the  distribut  ion 
system  to  allow  water  to  be  drawn  for  fire  purposes.  They  are 
of  two  general  types;  the  post  hydrant,  in  which  the  barrel  of 
the  hydrant  extends  2  or  3  ft.  above  the  ground  surface;  and  t  In- 
flush  hydrant,  in  which  the  barrel  and  nozzle  are  covered  by  a 
cast  iron  box,  flush  with  the  surface.  The  former  is  more  com- 
monly used  and  as  it  is  much  more  readily  found  and  more  con- 
veniently operated,  it  is  to  be  preferred. 

The  branch  supplying  the  hydrant  should  be  of  a  size  cor- 
responding to  the  number  of  streams  to  be  carried.  For  one 
fire  stream,  the  branch  may  be  4-in.,  for  two  streams,  6-in.,  etc. 
In  general,  valves  should  be  placed  on  all  hydrant  branches 
where  the  main  is  10  in.  in  diameter  or  larger.  The  barrel  or 
standpipe  of  the  hydrant  should  have  an  area  about  20  to  40 
per  cent,  greater  than  the  area  of  all  its  nozzles. 

The  committee  of  the  American  Water  Works  Association 
recommends  that  in  thickly  built-up  mercantile  and  manufactur- 
ing sections,  hydrants  should  be  spaced  about  200  ft.  apart  and 
not  more  than  500  to  600  ft.  apart  as  the  maximum  anywhere. 

In  fixing  the  exact  location  of  the  hydrant  and  the  side  of  tin; 
street  on  which  each  should  be  placed,  a  detailed  examination 
should  be  made  and  the  location  determined  with  reference  to 
important  buildings  and  convenience  of  access  in  case  of  confla- 
gration. The  most  convenient  location  for  hydrants  is  generally 
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at  tho  street  intersections,  an  they  are  then  readily  sroissiblri 
from  foin  .us.    General  practice  up|*-;u>  to  U-  to  place 

the  h  inside  the  range  of  the  property  line  about 

1  ft.  l.:i<-k  nf  tin-  .  in  l>,  an  shown  in  Fig.  27  hero wr 

Design    of   Pipe   System.—.!/ mi  mum  Sijei.— The   National 

Board  of  Fire  I Y  rs  specifies  that  six-inch  pipe  it  to  be 

considered  the  miitiinuin  sise  satisfactory  for  hydrant  supply 

in  residential  disti  IMS  closely  gridironed  with  6-in.  cross- 

t  ing  mains  ala  of  not  exceeding  600  ft.;  but  where 

1  prossures  are  high,  a  satisfactory  gridiron  system  may  be 

obtained  by  a  liberal  per  cent,  of  lancer  mains  cross-connecting 

the  6-in.  at  greater  intervals.    In  new  construction,  S4n.  should 
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be  used,  where  dead  ends  and  poor  gruiimninK  are  likely  to  exist 
for  soinr  time.  In  hiuh  vtdue  district «,  the  in i n ini vim  site  should 
be  8-in.,  \\itli  suit:il»lo  cross-connecting  mains;  12-in.  and  larger 
mains  to  be  used  on  the  principal  streets  and  for  all  long  lines 

ross-connected  at  frv.pi.-nt  intervals. 

In  general,  in  small  housing  developments,  4-in.  cast  iron  pipe 
may  be  used  for  short  lengths  not  requiring  hy.lrants  directly 

lied,  and  especially  where  well  connected  in-  •  st  of 

the  system  at  both  ends.  Galvanisexl  iron  pipe,  of  2-in.  and 
upward  to  3^-in.,  may  l>e  used  occasionally  in  strwts  for  house 
supply  only,  where  hydrant  service  is  not  imperative,  where 
p"!>ul:it  i.»n  is  sparse,  or  where  the  cost  must  be  kept  to  a  mini- 
mum. A  typical  piping  system  is  shown  in  Fig.  28. 


ISO 
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Fio.  28. — Plan  of  water  dintrioiitifm  «y»tom  installed  in  the  Lovcland  Farms 
housing  development. 
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General  Design.— While  no  Absolute  rule  will  apply  in  all  cam 
f . »  t  lie  deaigi >  .00  system  pipe  wien,  the  following 

data  iwed  1>>    d.  «»n  of  Passenger  Transportation  and 

Housing,  1'nited  State*  Shipping  Board,  as  a  guide  to  pipe  sties 
may  be  helpful. 

TABLE  27.— POPULATION  THAT  CAN  M  BurruKO  »T  PIPM  or   VARIOUS 
Siirs — BAABD  ON  AN  AVKRAUK  Us*  or  100  •  >TA   DAILY, 

WITH    AVKRAUK   AMOUNT  or    FlHK    PROTECTION 


Diaawur 

EEC 

(             , 

yt 

ss 

\    ,  r  •    ,  ,  •  . 

KOft^ 

JBS 

4 
1 

8 
10 
12 
16 
|Q 
24 

13 

H 
:,«. 

7" 
201 

I.VJ 

01 

181 

JJ-, 
v,:, 

4,940 

8,900 

27 

i  a 

M 

m 

1,720 
4,820 

16,700 

4s 

M 
M 
1,500 

j  Ml 
7,400 

25,500 

Length  of  Mains. — Little  can  be  gained  from  a  study  of  the 
length  of  mains  per  consumer,  as  much  depends  on  the  shape 
and  size  of  the  town.  However,  it  will  In-  of  inn  n.M  that  in 
developments  of  tin-  Tinted  States  Housing  Corporation  the 
average  length*  as  0.75  ft.  per  front  foot  of  lot,  or  1.50  ft.  per  lin- 
ear fiH>t,  <.f  rtreet 

Depth  and  Location. — The  depths  to  which  mains  must  be 
l.iid  to  proven  %  is  dependent  upon  several  factors,  namely, 

the  temperature,  the  character  of  cover  and  the  sise  of  main  and 
velocity  of  flow.  The  report  of  the  Committee  on  Depth  of  Water 
Pipe  of  the  New  England  Water  Works  Association1  shows, 
as  a  result  of  a  questionnaire  Bent  to  90  communities  sup- 
plied by  water  works,  that .  in  general,  pipes  are  laid  from  3  to  10 
ft.  deep,  accord  ing  to  t  ho  latitude,  and  that  fretting  occurs  mainly 
on  dead  ends  and  at  night  when  the  velocity  is  low.  All  Imt 
three  cases  of  ^  were  reported  on  mains  smaller  than  10 

in.  in  diameter,  and  in  all  cases  the  ground  waa  frozen  below  the 
axis  of  the  pi)**.  In  general,  freezing  extends  1  ft.  deeper  in 
streets  than  in  fields;  also,  in  streets,  frost  will  reach  about 
ft.  deoivr  in  gravel  than  in  clay. 

>J1.  N.K.W.W.  AHOC..  435. 
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A  summary  of  the  results  of  the  work  of  iho  commit  toe  is 
shown  in  Figs.  29  and  30,  giving  the  relation  between  hit  it  IK  In 
and  the  mean  temperature  of  the  coldest  month  and  the  relation 


Pio.  29. — Map  indicating  the  moan  temperature  of  the  coldest  month  of  an 

average  year. 

between  the  mean  temperature  and  practice  in  laying  mains. 
The  median  line  represents  general  practice  only,  and  as  little 
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Pio.  30. — Relation  between  required  depth  of  water  pipes  and  mean  tempera- 
ture of  coldest  month  in  average  year. 

or  no  trouble  at  these  depths  has  been  experienced  from  frost,  it 

is  probable  that  the  data  may  be  used  as  a  "Safe  guide. 

•    Water  pipes  are  usually  located  in  the  streets  at  a  uniform 
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distance  from  the  curb  or  property  line,  although  in  some 
considerable  eoooomy  may  be  effected  by  running  the  pipe  line* 
through  easement*  to  the  rear  of  lot*. 

Vofce*.— Valves  should  be  introduced  in  the  system  at  fre- 
quent intervals,  so  that  comparatively  small  sections  can  be 
•  >ff  for  purposes  of  repairs,  connections,  etc.  As  a  general 
Mil.  .  whenever  a  small  pipe  branches  from  a  large  one,  the  former 
should  bo  provided  with  a  valve.  At  intersections  of  large 
pipes,  a  valve  in  each  branch  is  usually  desirable. 

Valves  should  be  located  systematically.    They  are  usually 
placed  in  range,  either  with  the  property  lim-  or  the  curb  line, 
••s  they  are  placed  in  the  cross  walks. 

The  United  States  Shipping  Board,  in  its  housing  develop- 
ments, recommended  a  valve  spacing  such  that  only  three  blocks 
of  pipe  are  thrown  out  of  service  at  one  time,  in  case  of  a  break  or 
need  for  repairs. 

Specials. — The  percentage  of  the  total  cost  of  a  di*tril 
system  which  may  be  chargeable  to  specials  varies  considerably 
in  individual  case*,  l>ut .  m  p  neral,  lies  between  4  and  6  per  cent, 
of  the  total  cost.  In  supply  lines  the  number  of  specials  required, 
and  hence  the  percentage  of  the  total  cost,  is  lees,  representing 
only)  <>  2  per  cent. 

ijte  Services.— The  connection  between  the  street  main  and 
the  consumer's  premises  is  made  by  means  of  a  service  pipe. 
Just  within  the  cellar  wall  of  the  consumer's  building  a  stop- 
and-waste  cock  is  provided.  Usually  the  municipality  or  water 
company  installs  a  curb  cock,  protected  by  a  suitable  box  under 
the  sidewalk  close  to  the  curb. 

The  practice  of  tap]  mains  to  receive  the  corporation 

cock  varies  in  different  localities.    The  small  mains  are  usually 
tapped  on  top,  wink-  the  larger  mains  are  tapped  on  the  side. 

TABLE  28. — COMMON  PRACTICE  IN  TAPPING  MAINS  IN  VARIOUS  Loc, 


PlM»  in  uppinc 

Nwterl. 

^a* 

Top  of  main 

28 

Side  of  main 

.;•• 

4V  po 

12 

14  0 

Various  parts.  . 

7 

8.1 

Total 

H 

100  0 
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Reports  from  86  communities  solicited  by  the  New  England 
Water  Works  Association1  show  the  preceding  practices. 

Unless  the  service  pipe  is  made  of  lead,  a  lead  goose  neck  al  ><  >u t 
2  ft.  long  should  be  placed  between  the  corporation  cock  ami  i  ho 
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Fio.  31. — Size  of  water  house  services;  the  practice  of  cities  and  towns  as 
to  the  size  of  service  is  shown  diagrammatically  in  the  upper  illustration:  tlm 
lower  diagram  indicates  the  extent  of  the  use  of  the  various  sizes  in  terms  of  the 
total  number  of  services.  NOTE  :  Data  based  on  records  from  305  cities  and  towns. 

service  pipe  to  enable  the  latter  to  adapt  itself  to  any  settling 
that  may  occur. 

In  selecting  the  kind  of  service  pipe  to  be  used  in  any  particular 
case,  the  points  to  be  considered  are:  (1)  the  chemical  action 
the  water  may  have  on  the  pipe;  (2)  the  cost  of  laying  and  main- 
taining the  pipe;  (3)  its  durability. 

There  are  few,  if  any,  places  where  it  is  advisable  to  use  un- 

1  Jl.  N.E. W. W.  Aasoc.,  Vol.  23,  p.  436. 
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coated  iron  or  steel  in  service  pipe  construction.  The  use  of 
galvanised  pipe  decreases  very  materially  in  moat  rases  the 
>les  experienced  from  the  use  of  plain  wrought  iron  or  stool 

Lead  pipe  is  mechanically  an  almost  ideal  pipe  for  services 
on  account  of  it*  pliability  and  the  ease  of  laying  in  places  where 
there  are  obstructions.  The  chief  objection  to  lead  is  the  chance 
of  lead  poisoning  which  in  certain  localities  with  certain  kinds 
of  water  is  ext  mm  ly  Mcrious. 

Cement  lined  pipes  are  the  most  satisfactory,  so  far  as  the 

•i  of  the  water  is  concerned,  of  any  which  are  now  used  for 

services.     The  difficulties   which  arise   from   the   use  of   th« 

material  are  solely  mechanical,  although  corrosion  will  take 

place  on  the  outside  of  the  pipe  unlem  this  be  protected. 

General  practice  appears  to  favor  •  illation  of  ^4 -in. 

diameter  services,  as  is  shown  by  a  study  of  records  of  306 

TABLE  29.1— PORTION  or  Horse  SERVICE*  LAID  AND  PAID  roaar  THB  WATER 
DEPARTMENT  IN  VARIOUS  COMMCNITIKS 


Number 

ofplm 

N«wEn«Uod 

Other  «UU« 

Toul 

PtarMM. 

None 

27 

17 

44 

15  0 

Curb  or  property  Inn 

M 

24 

118 

40  2 

To  cellar  wall  . 

117 

6 

KfJ 

42  0 

Corporation  cock  only  . 

0 

1 

6 

21 

MiBcellancouii 

2 

0 

1 

07 

Total 

MQ 

&3 

HI 

100  0 

N    .::.**  r 

ofph~. 

\.«  i  sjiaaJ 

Other  »tat<» 

Toul 

f»C  98ftl» 

Curb  or  property  lint- 
Corporation  cock  only 
Corporation  and  curb 
cock 

41 

171 
8 

•J 

10 

4 

0 

78 
184 
12 

| 

26  8 
82  4 

4  0 

1  0 

Miscellaneous 
Total. 

J 

I'll 

1 

54 

17 
M 

58 
100  0 

N  1.  \\  \\     \-  1.  P.  842. 
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and  towns  on  Fig.  31  herewith.  The  portion  of  the  house 
service  which  is  laid  and  paid  for  l>y  tin-  wain-  department  in 
various  communities  is  shown  in  Table  29  herewith. 

Some  economy  is  effected  by  laying  the  house  service  in  tin* 
same  trench  as  the  sewer  mimed  inn.  The  depth  below  the 
surface  is  usually  the  same  as  that  of  the  street  mains. 

CONTRACT  PLANS  AND  SPECIFICATIONS 

Contract  Plans. — The  contract  plans  should  consist  of  a 
general  plan  showing  the  location  of  the  system  in  its  entirety 
and  a  set  of  detail  plans  of  a  standard  scale,  each  covering  a 
portion  of  the  total  layout. 

The  general  plan  may  or  may  not  include  the  source  of  supply 
on  the  same  sheet,  but  should  give  a  comprehensive  view  of  the 
whole  distribution  system.  A  scale  of  from  200  to  400  ft.  per  in. 
is  well  suited  for  this  work. 

The  detail  plans  should  be  on  a  40  or  50  ft.  per  in.  scale,  giving 
the  approximate  location  and  size  of  all  mains  and  specials, 
together  with  a  tabulation  on  each  sheet  of  all  specials  to  be  used. 
The  exact  location  of  the  mains  may  or  may  not  be  shown  on  the 
detail  plans. 

In  addition,  the  contract  plans  should  contain  drawings  of 
typical  sections  of  house  services  and  hydrants,  showing  the 
location  of  corporation  cocks,  curb  boxes,  valves,  etc.,  in  their 
relation  to  sidewalks,  property  lines  and  street  mains. 

Specifications. — Pipe  and  Specials. — Specifications  for  pipe  and 
specials  have  been  adopted  by  the  New  England  Water  Works 
Association  and  the  American  Water  Works  Association  and 
foundries  are  prepared  to  furnish  pipe  as  specified.  These  are 
complete  and  the  result  of  careful  thought  and  coordination  of 
all  interests.  However,  the  specifications  should  include  sections 
on  Special  Markings,  Tests  and  Weighing,  and  such  special 
requirements  for  the  particular  shop  as  appear  necessary  to 
prescribe. 

Pipe  Laying. — Sections  covering  the  following  items  should 
be  included  in  the  specifications  under  this  head:  Care  in 
Handling,  Cleaning  and  Inspection,  Laying,  Cutting,  Joints 
and  Caulking,  Joint  Materials,  Wall  Pipes,  Field  Testing,  Allow- 
able Leakage,  Painting  and  Correction  of  Defects. 

Under  this  head  may  also  be  included  the  minimum  cover  over 
pipes. 


WATMM  SUPPLY 

.—Under  this  bead  may  be  included 
lions  for   Kxcavation  and  Backfilling,   Hydrini-,   Valves,  etc., 
!.«•   In.  deajiurmnent  and  Compensation;  the 

latter  should  be  carefully  detailed  and  made  explicit. 

FINANCIAL 

General  Considerations.— The  cost  of  supplying  water  to  the 

ner  de|**nds  upon  so  many  factors  which  in  turn  are  so 
varial  'he  total  cost  of  supplying  water  would  be 

of  little  value.     It   i-  .n  here  to  point  out  only  the 

various  items  of  revenue  and  expense  which  constitute  the 
financial  end  of  water  works  management,  together  with 
infon  D  theeo- •  arious  factors  as  may  be  applicable 

to  industrial  housing  developments.  Such  information,  even 
though  of  very  general  application,  will  yet  serve  as  a  guide 
in  estiinat  nm  in  a  preliminary  way  the  cost  of  a  water  supply. 
Yearly  Expenses. — The  yearly  charges  and  expenses  to  be  met 
will  m. -hide  some  or  all  of  the  following  items: 

1.  Interest  on  bunded  debt  incurred  for  construction. 

2.  Yearly  payment  into  a  sinking  fund  for  liquidating  the  bonded 

Voarly  payment  into  a  depreciation  fund,  to  provide  for  the 
renewal  of  various  parts  of  the  work  when  worn  out  or  otherwise  rendered 
valueless. 

4.  Yearly  operating  and  maintenance  expenses. 

5.  Yearly  cost  of  extensions  an  cments. 

6.  Profit,  or  income  for  surplus. 

us  (1),(2)  and  (4)  must  evidently  be  met  year  by  year  t>y 
the  annual  income  and  not  by  borrowing,  if  the  department  is  to 
remain  solvent.  Some  questions  may  arise  as  to  what  items  are 
chargeable  against  maintenance,  but  in  general  it  is  better  to 
inelude  und.-r  that  head  only  the  regular  up-kecp  and  the  cost 
of  ordinary  repairs. 

To  i  -oi •  1  M  »t  h  items  (2)  and  (3)  simultaneously  is  usually 

lored  too  liberal  toward  the  future  generations,  but  occa- 

lly  may  bo  adopted  in  part.     In  municipal  pra 

sinking  fund  usually  receives  the  only  consideration.     If  such 

is  not  provided,  then  a  depreeiation  fund  is  necessary.    This 

should  U«  suili.  lent  to  furnish  funds  for  the  renewal  or 

mcnt  of  worn  out  and  discarded  parts. 
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The  cost  of  extensions  (5)  may  properly  be  met  by  issuing 
bonds  or  now  s< •» -unties,  and  at  the  same  time  providing  a  « 
spending  increase  in  the  sinking  or  the  depreciation  fund.  Such 
expenses  are,  however,  frequently  paid  in.  part  from  the  annual 
receipts  or  by  general  or  special  taxation  in  the  case  of  municipal 
works. 

Sources  of  Revenue. — The  sources  of  revenue  are  the  water 
rates  and  the  funds  received  by  general  taxation,  if  any,  for 
building  portions  of  the  system.  The  former  are  paid  by  con- 
sumers of  water;  the  latter  are  paid  by  assessment  on  all  taxable 
property.  Ordinarily  from  25  to  50  per  cent,  of  the  total  fixed 
charge,  (the  part  of  the  service  chargeable  for  fire  protection), 
plus  the  cost  of  water  for  public  purposes,  should  be  met  by 
general  taxation;  and  the  remainder  of  the  revenue  obtained 
from  the  water  rates. 

The  question  of  rate  schedules  is  a  subject  demanding  a 
separate  treatise,  and  it  is  sufficient  to  say  here  only  that  such 
should  be  prepared  by  one  thoroughly  trained  in  the  subject, 
and  provide  among  other  things: 

First. — It  shall  produce  the  required  gross  income. 

Second. — It  shall  distribute  that  gross  income  equitably  among  the 
various  consumers. 

Third. — It  shall  tend  to  develop  the  business  and  should  not  drive 
away  large,  long  hour  consumers. 

Fourth. — It  shall  not  sell  water  to  any  consumer  at  a  cost  so  low  that 
it  is  necessary  to  collect  an  unfair  excess  from  other  consumers,  or  so 
low  that  it  is  necessary  to  collect  more  from  the  other  consumers  than 
would  be  the  cost  if  the  large  consumer  in  question  were  not  served  at  all. 

Fifth. — The  schedule  must  be  practical  and  workable. 
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STORM  DRAINAGE  SYSTEM*— COMBINED  SEWERS— SEWAGE 
TRKATMKNT     AND     DISPOSAL— CONTRACT     PLANS     AND 

GENERAL  CONSIDERATIONS 

Sewerage  and  drainage  are  not  only  important  elements  in  first 
cost  and  upkeep  but  are  closely  related  to  the  health  and  well 
being  of  the  community.  When  such  are  not  properly  planned 
and  constructed  the  health  of  the  town,  or  that  of  adjoining 
communities,  may  be  m»  property  may  be  subjected  to 

damage,  and  excessive,  and  perhaps  otherwise  avoidable  mainte- 
nance or  upkeep  costs  incurred  directly  or  indirectly.  The  day 
has  gone  by  wh<  n  tin*  self -respecting  worker  wiD  jM-rmit  his  family 
to  live  in  a  community  with  privy  vaults  and  with  poorly  drained 
land  and  wet  cellars. 

Objects  to  be  Attained.— The  object  sought,  with  respect  to 

sewerage — is  the  prompt  and  effectual  collection  and  disposal 

mestic  sewage  and  trade  waste;  with  respect  to  drainage— 

on  and  removal  of  rain  water  or  surface  drainage. 

There  may  also  be  the  problem  of  enclosing  small  water  courses, 

to  an  extent  necessary  to  make  possible  the  improvement  of  the 

The  first  subject,  sewerage,  is  essentially  one  of  health  and 
public  convenience,  and  is  of  prime  importance.  The  second, 
drainage,  is  related  chiefly  to  the  physical  requirements  of  mainte- 
nance and  upkeep  of  property,  and  is  provided  for  the  purpose 
of  preventing  erosion  of  lawns  and  pavements,  flooding  and 
drainage  to  public  and  private  property  and  to  conserve  puMir 

The  following  points  must  be  kept  ever  in  mind:  first  cost; 
maintenance  and  operation  costs,  both  direct  and  indirect; 
health  and  sanitation;  tin-  requirements  of  public  convenience 
and  satisfactory  and  adequate  service.  These  are  of  great  im- 
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JM. nance  and  failure  to  make  proper  provision  may  react  to  the 
detriment  of  the  property,  to  the  dissatisfaction  of  owners  and 
tenants,  and  so  limit  or  restrict  the  most  profitable  development 
of  the  town  site.  It  may  not  be  out  of  place  here  to  point  out 
the  fact  that  the  rule-of-thumh  methods,  generally  prevailing 
a  generation  ago,  the  use  of  which  has  necessitated  costly  recon- 
st  ruction  and  replacement  of  sewerage  and  drainage  systems  in 
many  American  communities,  have  given  way  to  more  exact  and 
reliable  methods  of  planning  and  design.  With  the  prevailing 
high  costs,  and  scarcity  of  labor  and  materials,  the  necessity  for 
attention  to  economical  considerations  is  more  than  ever  urgent  ly 
necessary. 

While  a  number  of  years  ago  it  was  possible  to  construct  a 
sewerage  system  which  would  render  satisfactory  and  adequate 
service  at  a  rental  charge  of  not  over  $6.00  per  annum  per  house 
(provided  treatment  costs  were  not  excessive),  it  is  doubtful 
at  the  present  time  if  a  satisfactory  system  can  be  installed  to  ren- 
der service  at  a  rental  charge  of  less  than  $12.00  per  year. 
Irrespective  of  whether  or  not  this  charge  falls  upon  the  owner, 
tenant  or  the  municipality,  it  is,  in  the  last  analysis,  an  item  of 
rental,  and  must  be  kept  to  the  minimum  consistent  with  proper 
standards  of  health  and  service. 

The  major  problems  to  be  considered  are  type  and  general 
arrangement  of  system,  the  method  of  disposal,  and  necessity 
for  treatment,  the  capacity,  general  location  and  plan,  and  finally 
the  detail  design.  At  the  outset,  inquiry  should  be  made  as  to 
the  state  and  municipal  requirements  with  regard  to  sewage  treat- 
ment and  disposal,  and  house  plumbing,  and  a  conclusion  reached 
as  to  the  nature  and  degree  of  treatment,  if  any,  which  may  be 
required,  and  local  conditions  to  be  met. 

Types  of  Systems. — Sewage  and  drainage  may  be  effected  by 
collection  and  removal  in  one  system  of  conduits,  in  which  case 
the  system  is  called  the  combined  system,  or  by  the  alternative 
plan,  the  separate  system,  wherein  the  domestic  sewage  is  carried 
in  a  separate  sanitary  sewerage  system,  and  the  storm  drainage 
in  an  additional  and  distinct  system  of  storm  drains. 

The  first  question  to  be  settled  is  that  of  type  of  system.  Nei- 
ther the  combined  nor  the  separate  system  have  inherent  ad- 
vantages which  render  either  preferable  in  all  cases.  The  one  to 
be  selected  is  that  which  will  render  the  required  service  at  the 
least  cost.  As  a  condition  precedent  to  making  a  derision  on  this 
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,  t  lie  method  of  sewage  disposal,  and  the  nature  and  degree 
of  treatment  requirttl,  if  un\  nod  and  solved  in 

general  terms,  a*  it  ha*  a  mart  important  bearing  on  the  selection 
and  design  of  the  type  of  system.  The  economical  oonaideratiooj 
concerned  are  susceptible  of  analytical  dependent  f.-r 

their  valuo  upon  the  reliability  of  the  underlying  data. 

As  the  raU*  nn  discharge,   alt  hunch    intern, 

n.u.-h  greater  than  tho  flow  of  sanitary  or  domestic  sewage,  the 
I  H -ing  ordinarily  and  approximately  but  one  per  cent,  of  the 
former,  the  separate  system  requires  the  laying  of  storm  drains 
of  approximately  tin-  MOM  to  M  'h.v  i"i'»j"i  in  ?i"-  oonUnad 
:t  system  of  small  sise  sewers,  is  required,  which 
ordinarily  range  from  8  to  12  inches  in  diameter,  the  greater 
part  of  the  system  being  composed  of  8-in.  pipe.     If  tho  roof 
drainage  is  to  be  carried  <1  o  the  storm  sewer,  two  sets  of 

house  connections  are  necessary  for  the  separate  system,  one  to 
carry  the  domestic  sewage  and  r  the  roof  water.  It 

therefore  follows  that,  if  all  the  streets  are  to  be  sewered  and  all 
houses  connected  both  for  domestic  sewage  and  roof  water,  under 
most  conditions  the  cost  of  the  separate  system  would  exceed 
that  of  the  combined  system.  There  are,  however,  other  practi- 
cal and  economical  considerations  which  may  make  it  possible, 
in  some  cases,  to  install  the  separate  systems  at  less  cost  than 
the  combined.  These  are  chiefly  due  to  the  comparatively 
lesser  depth  at  whieh  the  storm  drains  may  be  laid,  if  separate, 
as  compared  to  those  required  for  the  larger  sized  combined 
pipes  when  placed  low  enough  to  receive  house  wastes. 

Many  of  the  older  communities  are  now  sewered  on  the  com- 
bined plan,  by  reason  of  the  fact  that  until  comparatively  recent 
years  the  necessity  of  separate  sewers,  due  to  treatment  required, 
had  not  arisen,  and  further,  little  attention  had  been  given  to 
the  economical  advantages  to  be  secured  in  many  cases  by  the 
adoption  nf  the  separate  system.  Where  sewage  and  drainage 
may  be  effected  by  the  extension  of,  or  by  connection  with  an 
existing  system  of  combined  sewers,  it  will  generally  be  found 
advisable  to  install  the  combined  system,  unless  the  develop- 
ment of  state  or  local  sanitary  policies  may  alter  tho  conditions 
and  requirement*.  It  may,  however,  for  economical  reasons  be 
found  de  o  install  the  separate  system  in  developing 

new  areas,  and  make  connection  with  the  existing  combined 
system,  for  the  purpose  of  securing  an  outlet.  • 
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If  sewage  treatment  works,  or  long  and  expensive  outfall  oon- 
struction  is  found  necessary,  either  tin  separate  system  i<  .nen- 
erally  most  economical,  or  the  quantity  of  flow  to  be  handled 
must  be  reduced  by  diversion  of  the  surplus  discharge  during 
heavy  rain  by  means  of  overflows  into  nearby  water  courses. 
If  this  latter  procedure  is  permissible,  tin-  combined  system,  other 
conditions  being  favorable,  may  be  installed;  otherwise  the  sepa- 
rate system  is  clearly  indicated.  Where  overflows  are  permissible, 
collection  may  be  made  in  the  combined  >ystem  and  the  excess 
storm  flow  discharged  at  one  or  more  points  before  the  outfall 
or  the  treatment  works  are  reached.  Or,  an  alternative  plan 
may  be  followed,  wherein  the  dry  weather  flow,  composed  almost 
entirely  of  house  sewage,  is  diverted  into  so-called  interceptors. 
In  some  cases,  and  to  an  extent  determined  generally  by  the  sani- 
tary  regulation  of  the  state,  two  or  three  times  the  dry  weather 
flow  may  be  carried  in  the  interceptor,  in  order  to  take  care  of 
the  first  wash  of  the  streets.  This  will  result  in  the  development 
of  an  intercepting  system  which,  however,  is  more  often  resorted 
to  where  sewer  extensions  and  disposal  of  the  sewage  of  a  town 
already  sewered  on  the  combined  system,  is  under  contemplation. 

Having  determined  the  sewage  disposal  problem  and  when-  t  he 
selection  of  the  type  of  sewerage  system  is  not  dictated  or  con- 
trolled by  the  local  sanitary  or  health  requirements,  the  con- 
clusion will  rest  upon  the  relative  estimates  of  the  first  costs  of 
construction,  and  of  maintenance  and  upkeep,  with  respect  to  t  he 
following  factors;  the  depth  of  trench,  and  the  character  and 
quantity  of  excavation ;  length  and  size  of  the  various  sewers  and 
drains;  extent  to  which  storm  drains  must  be  installed  if  the 
separate  system  is  used;  number  and  length  of  house  connections. 
Topography  and  conditions  of  soil  play  an  important  part  in 
these  studies  and  estimates. 

An  economic  advantage  in  favor  of  the  separate  system  will 
result  if  the  extent  of  the  storm  drainage  system  can  be  materially 
reduced.  The  conditions  permitting  and  the  manner  in  which 
this  may  be  done,  are  later  considered  in  the  section  bearing 
upon  the  design  of  storm  drainage  systems.  The  storm  drains 
of  a  separate  system  may  be  designed  for  a  somewhat  less  capa- 
city than  required  at  corresponding  places  in  the  combined  sys- 
tem. This  is  being  made  possible  by  the  elimination  of  the  danger 
of  backing  up  through  house  connections  during  excessive  rains, 
and  the  unsanitary  effects  of  flooding.  Where  the  area  to  be 
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sewered  is  low-lying  and  flat,  <«ulu  can  generally  be 

obtained  by  in  <*parate  sanitary  towers.    8elf-cleanfting 

"•a  generally  can  be  obtained  at  leas  cost,  and  with  leas 

pump-.n;:.  on  account  of  the  better  flow  conditions  which  may  be 

.n:«i  with  the  Mimlli-r  r  gradient*;  hence  excessive 

maintenance  cost  and  the  nuisance  of  clogged  sewers  is  avoided. 

SEPARATE  SANITARY  SEWERS 

The  quantity  of  sewage  to  be  provide* I  for  in  the  sewerage  sys- 
tem and  t  rv.it  ment  work*  must  bo  ascertained  in  order  to  fix  their 
cap:  I'his  invulvrs  .-i  .11  of  the  average  daily 

maximum  and  minimum  rates  of  discharge.  The  sources  from 
which  th<-  flow  is  contributed  are: — House  or  domestic  sewage, 
emanating  from  the  water  closets,  wash-stands  and  cellar  sumps, 
carrying  the  discharge  from  dwellings  and  places  of  business; 
tnulo  wastes,  whi«  h  im-liulo  waste  products  and  waste  water 
used  in  processes  of  maim  leakage  or  infill  rat. 

A,-:-        With  n-jM-.-t    t ,,  t  h,-  .lit'iYr.-nt   ,ii-r  n.  ^  ..-:.•  ni  .-r  ::.- 

sewage  the  areas  may  be  classified  as  residential,  commercial,  and 
manufacturing  or  industrial;  each  with  its  peculiar  features  and 
characteristics  as  to  quantity  and  quality  of  sewage,  and  fluctua- 
tion  in  rate  of  discharge. 

Quantity  of  Domestic  Sewage.— The  average  daily  quant  r 
domestic  sewage  contributed  bears  a  close  relationship  to  the 
use  of  water,  is  proportional   to  the  population  and  is  the 
product  of  the  population  and  the  per  capita  contribution. 

Where  an  isolated  develop:  known  extent  is  under 

consideration,  the  numl-  filings  U-ing  known,  the  popula- 

t  <  >  Ixs  provided  for  may  be  ascertained  by  allowing  an  average 
of  five  persons  per  family,  making  suitable  allowance  for  board 
houses,  hotels  and  any  public  use  of  water.  More  thorough 
studies  will  be  required,  where  an  existing  population  is  to  be 
taken  care  of,  or  where  there  are  undeveloped  adjoining  areas 
for  whi.-h  provision  is  to  be  made  for  future  development. 
Under  such  circumstances  the  probable  future  growth  of  the 
community,  as  affected  by  local  conditions  and  the  expected 
grov  ami  other  factors,  must  be  considered. 

While  it  is  desirable  to  ascertain  the  probable  future  popula- 

u  is  not  necessarily  desirable  and  economical  to  make  too 

great  a. provision  for  unknown  conditions  of  the  future  which 
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may,  or  may  not,  eventuate.  It  may  be  more  econoinicil  to 
provide  additional  and  duplicate  construction  win -n  the  necessity 
ari-es.  Street  sewers,  or  laterals,  and  the  smaller  mains  I'm- 
built-up  territory  should  be  designed  for  ultimate  conditions, 
regardless  of  the  extent  of  the  immediate  building  program.  In 
the  absence  of  more  specific  data  an  allowance  of  at  least  45 
persons  per  acre  should  be  made  for  residential  districts. 

The  average  daily  use  of  water  not  only  varies  largely  in  dif- 
nt  cities  but  also  in  different  parts  of  the  same  city  or  com- 
munity. It  is  determined  and  affected  by  local  customs  and 
habits,  and  varies  with  the  type  or  character  of  the  district, 
reflecting  in  this  manner  the  standard  of  living  of  the  residents, 
and  restrictions  in  the  use  of  water.  There  is  also  a  tendency 
for  the  use  of  water  to  increase  with  the  age  of  the  city.  As  the 
sewers  must  be  designed  to  carry  the  maximum  average  daily 
flow  at  its  maximum  rate,  we  are  concerned  with  this  maximum 
rather  than  the  yearly  average,  daily  flow. 

The  average  daily  water  supply  in  residential  districts  will 
range  from  25  to  160  gallons  per  capita  per  day,  with  a 
average  of  100  gallons.  In  deducing  the  average  daily  sewage 
flow  from  water  supply  data  an  allowance  must  be  made  im 
losses  and  uses  not  reaching  the  sewers;  and  additions  made 
for  contributions  from  plants  having  private  sources  of  water 
supply,  and  for  leakage  into  the  system. 

Flow  from  Commercial  and  Industrial  Districts. — The  quan- 
tity of  sewage  to  be  contributed  by  stores  and  factories  must 
receive  special  attention.  The  flow  from  small  business  or 
industrial  sections  can  be  assumed  to  be  absorbed  in  the  general 
average,  insofar  as  the  capacity  of  the  mains  are  concerned;  but 
care  should  be  exercised  that  the  lateral,  or  street  sewers,  into 
which  such  contributions  are  directly  discharged,  are  of  ample 
size  to  carry  off  the  discharges  at  their  maximum  rates  and  deliver 
the  same  to  the  main  sewer.  The  discharge  from  local  groups  of 
store  buildings  incident  to  the  planning  of  any  industrial  town 
will  therefore  not  introduce  any  important  problems,  except 
as  to  the  required  depth  to  remove  sewage  from  deep  basements. 

When  the  commercial  district  is  extensive,  special  study  must 
be  made  of  the  probable  requirements.     The  estimated  flow  to  be 
provided  for  may  then  be  based  upon  the  number  of  employees, 
not  resident  in  the  district,  using  water  at  an  assumed  aver 
rate.     This  may  vary  from  10  to  25  gallons  per  capita,  with 
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Mutable  allowance  for  fluctuation  so  as  to  obtain  the  maximum 
..  which  must  be  added  the  flow  contributed  by  the  resident*. 

The  discharge  of  domestic  sewage  and  trade  waste  from  indus- 
trial and  manufacturing  plant*  varies  through  such  a  wide  rantjB, 
depending  upon  the  sise of  the  plant  and  the  nature  of  the  industry, 
and  also  ujH.n  the  extent  of  sanitary  facilities  provided,  that  a 
con.iuaion  as  to  the  quantity  can  be  reached  only  after  a  study  of 
i ilar  existing  condition*.     The  flow  of  domestic  sewage 
.  estimated  in  the  same  manner  as  indicated  for  industrial 
t*;  namely,  upon  the  number  of  the  employees  and  the 
average  daily  use  of  water,  with  special  consideration  as  to  the 
.inn  rate  of  discharge.    The  latter  is  influenced  greatly 
by  the  toilet  provisions  and  the  general  habits  of  the  employees. 

Water  is  extensively  used  in  many  of  the  various  processes 
of  manufacture,  and  is  onln.  erred  to  as  trade  wastes. 

If  included  in  the  sewage  discharge  this  will  require  special 
as  to  quantity  and  rate  of  discharge.     It  is  some  times  consider- 
able and  an  estimate  can  be  made  only  after  a  full  investigation 
as  to  the  particular  processes  and  uses  of  water. 

Leakage  or  Infiltration.— Provision  should  be  made,  in  fixing 
the  capacity  of  the  sewers,  to  cover  leakage,  or  infiltration,  of 
ground  and  surface  water  into  the  system.  Such  leakage  is  due 
to  ingress  of  water  through  the  pipe  joints,  defects  in  house  con- 
nections, defective  construction  of  manholes  and  other  appurten- 
ances. I;  ay  be  aggravated  and  become  progressive  by  lack 
of  proper  maintenance,  and  by  improper  construction  which 
causes  subsequent  settlement. 

The  quant  ity  of  leakage  depends  on  t  he  height  of  ground  water, 
the  nature  of  the  soil,  the  features  of  design,  particularly  the 
:  ials  and  methods  used  in  making  the  joints,  and  the  care 
with   which   the  con<t  met  ion   is  carried  out.     IV  house 

connections  as  installed,  and  later  extended,  replaced  or  repaired, 
are  frequent  sources  of  high  rates  of  ground  water  leakage.  In 
any  event,  there  will  be  a  normal  amount  of  leakage  whi<  i 

lo  to  prevent,  and  it  is  wise  to  provide  a  sufficient 
;  of  safety  to  cover  lapses  in  construction  beyond  the  control 
of  the  design 

As  leakage  is  a  factor  primarily  of  the  length  and  siie  of  the 
pipes,  and  of  the  numU-r  of  house  connections;  assuming  good 
design  and  construction,  the  rational  method  of  estimating  its 
quantity  is  to  estimate  the  same  on  the  basis  of  the 
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inch  of  diameter  per  mile  of  system.  The  allowances  made,  to 
bo  on  the  side  of  safety,  should  be  liberal.  The  following  are 
recommended: 

Under  favorable  soil  and  ground  water  conditions,  25,000 
gal.  per  mi.  of  sewer  for  pipe  not  over  12  in.  in  diameter;  and 
30,000  to  50,000  gal.  per  mi.  in  excess  of  12  in.  in  diam. -ter. 
Under  unfavorable  soil  and  ground  water  conditions,  an  allow- 
ance from  50,000  to  100,000  gal.  per  mi.  should  be  made. 
The  latter  figure  will  be  used  where  ground  water,  in  quantity, 
has  a  tendency  to  follow  the  line  of  the  trench;  also  in  low-lyin^, 
flat  areas  where  the  ground  water  level  is  above  the  top  of  the 
sewer.  The  above  figures  may  be  reduced  50  per  cent,  by  use  of 
bituminous  joints. 

For  simplicity  of  computation  it  is  convenient  to  convert  the 
leakage  allowance  in  gallons  per  mile  of  sewer,  to  gallons  per 
capita  per  day.  This  may  be  done  by  using  the  assumed  or 
ascertained  density  of  population  per  acre  and  the  lineal  feet  of 
sewer  per  acre.  This  latter  quantity  in  the  absence  of  specific 
data,  may  be  taken  to  range  from  175  to  340  lin.  ft.  per  acre, 
with  an  average  of  200  lineal  feet. 

Design  of  System. — Designs,  even  of  a  preliminary  character, 
should  be  based  upon  adequate  data,  and  upon  suitable  maps  and 
plans.  Reliable  topography  is  of  importance,  in  order  to  fix  the 
approximate  location,  grades,  and  elevation  of  the  main  lines. 
The  type  and  principal  features  of  the  system  should  be  det  <  r- 
mined  and  known  before  the  final  adoption  of  the  street  plan  of 
the  development  as  sewerage  and  drainage  are  factors  to  be 
considered  in  developing  such  a  layout.  It  is  extremely  diffi- 
cult to  make  any  changes  in  street  locations  after  early  ideas 
become  fixed;  accordingly  necessity  for  early  consideration  of 
sewerage  is  indicated. 

General  Considerations. — The  general  arrangement  of  the 
system  is,  therefore,  necessarily  fixed  within  the  developed  area 
by  the  adopted  street  location,  which  in  turn  is  affected  hugely 
by  topography.  The  sewers  should  be  located  as  far  as  possil  >le 
in  public  thoroughfares,  or  in  easements,  where  the  latter  are 
used  instead  of  alleys.  Outside  of  the  developed  area,  location 
will  frequently  l»e  made  on  private  rights  of  way,  or  easements. 
These  should  be  selected  with  reference  to  economy  of  con- 
struction, minimization  of  property  damage  and  future  street 
locations.  Definite  agreement  for  these  should  be  early 
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obtained,  covering  the  width,  location,  and  the  rights  of  the 

parti,--  inti-r.--'.  .1 

One  of  the  object*  sought  in  de*  ••  elimination  of  large 

iise  pipes  or  conduit*,  tm  far  M  possible.  To  some  extent  this 
means  the  utilisation  of  the  smaller  sises  to  the  limit  of  their 
capacity.  The  arrangement,  however,  will  U-  limited  and 
affected  by  other  controlling  factors,  as  the  depth  of  cut  and 
available  grade.  Where  alt  location  of  large  sewers  is 

possible,  dct<  MM iiiation  of  the  character  of  the  excavation  is 
frequ.-nily  desirable,  in  order  to  avoid  difficult  work  in  soft 
ground,  «>r  in  rork. 

Where  there  is  a  possibility  of  extending  an  existing  sewerage 
hysti'iii  it  should  u-  fiiMi-MU-hiv  sxaminad  m  to  location  oJ  mains, 
grade,  capacity  and  con. lit i,,,,.  In  case  of  such  extensions  or 
where  thr  i-  \\irhin  municipal  limit-,  the  local 

practice  of  tin-  <  ity  should  lx»  followed,  insofar  as  good  practice 
and  '  ..rrmrnts  of  the  -  will  jx-nnit. 

Rate  of  Flow  to  Provide. — The  quantity  to  bo  provided  f 
the  maximum  rate  at  whirh  t)u>  flow  will  be  discharged  through 
.system  at  any  time.     It  consists  of  the  aggregate  of  the  flows 
from  the  various  sources  previously  discussed.    Hie  actual  rate 

low  varies  from  day  to  day  and  from  hour  to  hour,  and  is  also 
subject  to  seasonal  changes  and  to  progressive  increase  or  decrease. 
values  for  maximum  rates  used  by  various  engineers  vary 
widely;  it  is  a  matter  of  the  appli<  at  ion  of  general  pri?iriplestothe 
individual  case.  Care  must  therefore  be  used,  in  applying  any 
recommendation,  to  suit  local  circumstances  and  requirements. 

Laterals  and  street  sewers,  up  to  l.~»  in.  in  diameter,  should  be 
designed  for  a  total  capacity,  running  full,  of  between  375  and 
550  gal.  per  capita  daily;  good  average  practice  for  residential 
sections,  indicates  about  500  gal.  per  capita.  In  ordinary  muni- 
cipal practice  somewhat  higher  values  are  used.  Sewers  in 
excess  of  l.~>  in.  in  diameter  may  be  <Wg"^  for  somewhat  less 
capacity,  which  can  be  reduced  for  the  reason  that  the  fluctuation 
of  flow  decreases  \\iih  the  increase  in  number  of  persons  contribute 
ing.  An  allowance  of  from  250  to  350  gal.  per  capita  in  t  he  design 
of  main  and  outfalls  is  good  practice;  300  gal.  per  capita  is  the 
general  pract  i. ,  in  the  design  of  many  large  and  important  inter- 
ceptors and  long  sanitary  outfalls. 

An  analysis  of  the  ordinary  maximum  rate  for  a  lateral  system 
should  be  made  along  the  lines  indicated  in  Table  30. 
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daily 


rage  daily  flow,  based  on  the  average  daily  HBO  of  wai . 
Leakage  or  infiltration,  rstinmtol 
Manufacturing  purpoaca 


100.0 
60.0 

in  ii 


Commercial  purposes. . .  ...  "»  n 


Total  sewage  daily  flow 
Add  50  per  cent,  for  fluctuation,  to  obtain  maximum  rnt« 


Total  maximum  rate. . 


165.0 


•2 17.:, 


In  computing  the  total  capacity  of  the  sewer  along  the  fore- 
going lines,  further  allowance  must  be  made  for  excessive  fluctua- 
tions and  contingencies,  both  present  and  future.  To  make  such 
provisions,  sewers  of  from  8  in.  to  15  in.  in  diameter  should  be 
proportioned  to  run  one-half,  and  the  larger  sizes  should  be 
designed  to  run  two-thirds  full.  When  the  design  of  long  inter- 
ceptors or  large  mains  is  under  consideration,  special  study  should 
be  given  to  the  question  of  fluctuation  and  maximum  rate.  It 
should  be  borne  in  mind  that,  in  designing  sewers  for  a  housing 
development,  a  somewhat  less  factor  of  safety  may  be  used  than 
in  ordinary  municipal  practice,  for  the  reason  that  some  of  iho 
factors  which  are  ordinarily  a  matter  of  estimate  can  be  definitely 
ascertained  in  the  former  case. 

The  United  States  Housing  Corporation  issued  the  following 
instructions  and  suggestions:  design  to  be  based  upon  two 
families  every  20  ft.  of  street,  five  persons  per  family;  average 
daily  use  of  water  125  gal.  per  capita;  an  allowance  of  50  per 
cent,  for  daily  fluctuation  in  flow;  ground  water  leakage  25 
per  cent,  to  75  per  cent,  of  the  average  daily  flow.  This  gives 
totals  from  218.75  to  281.25  gal.  per  capita  daily  as  maximum 
safe  working  units.  This  was  stated  to  be  applicable  to  small 
districts  of  40  acres,  or  under,  in  area.  Further  suggestion  is 
made  that  sewers,  of  from  8  to  15  in.  in  diameter,  should  be 
proportioned  to  run  one-half  full;  so  that  the  total  maximum  rate 
provided  for  is  raised  from  437.5  to  562.5  gal.  per  capita  per  day. 

The  United  States  Shipping  Board,  Emergency  Fleet  Corpora- 
tion, Division  of  Passenger  Transportation  and  Housing,  in  its 
instructions  and  recommendations  for  the  <1< •,-i<in  of  sewers  and 
dniinage  systems,  recommended  somewhat  lower  values.  The 
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average  daily  flow,  except  in  special  conditions  was  assumed  at 
75  gal  per  capita  The  following  rates  were  suggested  as  the 
basis  of  design  for  the  siies  indicated. 
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Fbr  Urfer  «•«•,  .•••  w  lil-.n-  ;..  r  .  .;•  •  - 
All  Mwan  flowing  full. 


Additional  allowance  for  ground  water,  from  25,000  gal.  per 
mi.  per  day  for  8  and  10-in.  sewers,  and  30,000  to  50,000  gal. 
per  mi.  per  day  for  tho  larger  sites,  was  further  recommended 
and  was  to  be  added  to  the  foregoing  where  cement  joints  were 
usc<l.  With  i. numinous  joints,  leakage  was  taken  as  one-half 
of  the  foregoing. 

Details  of  Computation.— The  well  known  KUM.  r  or  the  Willi- 
ams-Hasen  formula  may  be  used  for  computations.  The  value 
<>f  the  coefli  >,"  should  be  taken  as  0.013  for  pipe  sewers 

and  0.015  for  brick  or  masonry  sewers;  and  "C"  should  be  taken 
as  100  for  terra  cotta  pipe  sewers  and  110  for  brick  or  masonry 
sewers.  Suitable  hydraulic  tables  and  diagrams  are  available, 
giving  on  inspection  the  velocity  and  discharge  corresponding 
he  various  slopes  and  sizes. 

The  data  and  results  of  tho  design  should  be  arranged  in 
tabular  form,  giving  tin-  local  inn  (usually  taken  at  a  point  where 
additional  flow  is  received  from  a  connection,  at  an  assumed 
point  of  concentration,  or  a  change  in  slope)  of  the  station  or 
reference  point ;  the  elevation  of  flow  line;  quantity  to  provide 
ratio;  size;  velocity  and  capa< 

Profiles  of  the  lines  should  be  prepared,  showing  the  elevation 
of  present  surface,  both  on  the  center  line  of  the  proposed  sewer 
and  on  the  side  lines  of  the  street  if  the  location  be  in  a  street. 
Where  the  depths  of  cellars  of  existing  or  proposed  houses  are 
likely  to  control  the  location  of  the  sewers,  their  elevation  and 
location  should  also  be  shown.  The  finished,  or  established  grade, 
he  street  should  likewise  be  shown  as  well  as  existing  surface 
and  subsurface  structures,  where  clearances  or  obstructions  are 
involved. 

Starting  at  the  upper  end  the  sises  are  determined  progres- 
sively, investin.v  change  of  size  being  made  at  all  points 
where  there  is  BU(!K  i<  nt  inn-rase  expected  in  the  quantity  of  flow. 
h  points  will  occur  where  l>ram>h  sewers  connect  and  as  the 
-  from  house  connections  accrue. 
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Velocities  and  Grades. — The  grades  of  a  given  size  •.  nnot 

l>e  reduced  lx»low  a  certain  minimum  without  a  corresponding 
in«Tc:ise  in  the  pn>l>al>ility,  or  necessity,  for  frequent  cleansing, 
together  with  liability  of  serious  clogging.  When  grades  are  not, 
sufficient,  sewer  maintenance  in  opening  up  clogged  sewers  and  in 
flushing,  either  with  automatic  devices  or  street  hose,  will  be 
incurred,  thus  throwing  an  additional  or  needless  item  of  cost 
upon  operation. 

Where  possible  a  self-cleansing  velocity  of  not  less  than  3  ft- 
per  second,  with  sewers  running  full,  should  be  obtained  and 
adhered  to  as  a  minimum.  This  will  obviate  the  necessity  of 
flushing  or  cleaning.  When  pumping  or  excessive  cost  can  be 
avoided  by  so  doing  the  minimum  velocity  may  be  reduced  to 
2)^  ft.  per  second;  or  even  to  2  ft.  per  second  in  certain  extreme 
cases,  which  will  probably  require  some  provision  for  flushing. 
The  relative  economy  and  desirability  of  velocities  df  less  than 
2  ft.  per  second  should  be  compared  with  those  of  pumping; 
the  factors  to  be  considered  being  the  cost  of  pumping,  compara- 
t  ive  amounts  and  depths  of  trench  excavation,  which  are  reflect  ed 
in  cost  of  construction,  and  the  cost  of  cleaning  and  flushing  in 
operation. 

While  some  existing  systems  with  velocities  of  1  ft.  per  second 
have  worked  out  without  any  large  amount  of  deposit,  such 
practice  should  not  be  followed  without  thorough  investigation 
and  consideration.  In  such  cases  flushing  the  dead  ends  and 
at  points  along  the  line  of  the  sewer  will  be  required. 

An  analytical  consideration  of  the  actual  minimum  velocity 
and  of  the  shape  of  the  sewer  section  is  involved  in  consideration 
of  the  minimum  flow  in  larger  sewers  and  outfalls.  The  mini- 
mum flow  may  be  taken  as  a  proportion  of  the  average  daily 
sewage  flow,  or  may  be  determined  by  analysis.  It  is  composed 
of  leakage  or  infiltration,  which  is  fairly  uniform  throughout 
the  day;  the  legitimate  night  use  of  water,  ranging  from  7%  to 
15  gal.  per  capita,  depending  upon  the  hal>its  of  the  residents; 
and  the  night  use  of  water  in  manufacturing  plants.  It  further 
includes  the  waste  of  water  through  defective  fixtures,  and  such 
flow  as  arises  from  the  habit  of  leaving  fixtures  open  in  freezing 
weather.  The  minimum  flow,  usually  occurring  at  night ,  ranges 
as  a  rule,  from  25  to  ">< )  LM  1 .  per  ca pi t  a  per  day.  Satisfactory  flow 
conditions  must  obtain  for  carrying  off  the  minimum  flow.  The 
velocity  half  full  is  equivalent  to  that  when  flowing  full  and  as 
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the  depth  of  flow  decreases  below  one-half  full,  the  vel"  ity 


While  the  conclusions  reached  an  to  minimum  discharge 

.  -i, n.  Inn  in*  in  the  smaller  nie  aewers  can  be  ordinarily  relied  uj-.ii. 
the  design  of  the  larger  nanitary  sowers,  and  of  important 
falls  and   interceptors   will   necessitate  more   thorough  study 
•  actual  rate  of  minimum  flow  and  the  design  of  a  special 
•i,    if  sufficient  velocity  cannot  be  otherwise  obtained. 
Su.-h  sections  are  so  designed  that  the  depth  of  flow  and  hence 
the  velocity  does  not  decrease  as  rapidly  with  a  given  qua 
as  in  the  case  of  a  circular  sewer.    Various  shapes  are  used,  of 
i  the  egg-shape,  elliptical,  and  parabolic ,  \\  r  \\  modifications, 
are  common  examples.    Sewer  sections  of  this  kind  are  generally 
more  expensive  to  build,  require  more  head  room  and  greater 
depth  of  trench  and  consequently  take  up  more  of  the  available 
fall  th.in  .-uvular  sewers;  their  offsetting  disadvantages  from  this 
standpoint  must  t  be  considered.     A  maximum  v« 

of  over  6  ft.  per  second  is  undesirable  unless  the  normal  flow  is 
large,  as  otherwise  there  is  a  tendency  for  floating  mat  ten  to 
be  left  Ix-hmd. 

i  once  the  following  table  giving  minimum 

l>rrmis>iMr  grades  for  various  si/-  <-ott:i  pii*-  aewers,  is 

ntT.-r.-.l;  this  )><  ing  based  on  a  value  of  0.013  for  the  coefficient 
n  of  th«-  K utter  formula. 

I  ::i       MIMMI  M  PBRMUMIBLE  GRADE*  OP  SEWERS 
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mges  in  grade  and  in  alignment  should  U«  made  only  at 
manholes,  so  as  to  facilitiate  inspection  and  cleaning.    Where 
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the  street  alignment  is  curved,  the  deflection  should  !><>  made 
on  chords,  except  when  the  diameter  is  IH)  in.  or  more.  This 
practice  can  be  departed  from  only  when  t  he  grades  are  such  that 
self-cleansing  velocities  are  absolutely  assured.  Changes  in 
direction  of  the  smaller  sizes  may  easily  be  made  by  molding  t  ho 
curves  in  the  base  of  the  manhole,  thus  avoiding  hot  h  ( lie  excava- 
tion of  circular  tn-nch  and  making  tho  deflection  \\iih  pipe. 

Computation  should  be  made  using  the  hydraulic  grade  line 
rather  than  the  invert  of  the  sewer  as  a  basis.  Also,  to  insure 
the  realization  of  the  capacity  of  the  sewer  and  the  fulfillment  of 
hydraulic  conditions,  changes  in  size  should  be  made  by  keeping 
the  top  of  the  sewer  continuous  rather  than  so  maintaining  the 
invert  line. 

Minimum  Sizes. — The  minimum  size  of  the  sewer  should  not  be 
less  than  8  inches.  While  the  flow  for  considerable  distance  along 
the  street  can  be  carried  in  a  much  smaller  sewer  there  is  too 
much  liability  of  clogging  and  stopping,  nor  is  the  slight  saving 
in  cost  of  a  6-in.  sewer  compared  to  that  of  an  8-in.  sewer  sufficient 
to  warrant  the  adoption  of  the  smaller  size. 

Depth  and  Location. — The  depth  at  which  sewers  should  be 
laid  will  be  controlled  first  by  the  grade  line,  then  by  the  amount 
required  for  protection,  and  finally  by  that  elevation  required  to 
enable  house  connections  to  be  made.  The  depth  at  which  the 
house  connection  enters  the  street  sewer  will  depend  upon  its 
length  and  the  relative  difference  of  elevation  between  that  of 
the  surface  of  the  ground  at  the  house  and  the  finished  grade 
of  the  street,  and  further,  by  the  minimum  depth  at  which  the 
house  connection  leaves  the  house.  Where  no  cellar  fixtures 
are  provided,  or  where  cellars  are  entirely  omitted,  the  depth 
of  house  connections  will  be  fixed  by  the  requirements  for 
protection. 

The  required  depth  will  vary  with  the  latitude  and  climatic 
conditions,  but  it  is  good  practice  to  allow  a  minimum  of  2%  ft. 
of  cover  over  the  pipe.  Frequently  a  cellar  sump  is  provided 
and  sometimes  laundry  tubs  or  other  fixtures,  in  which  case  the 
main  house  drain  is  laid  under  the  cellar  floor.  Cellar  sumps 
are  advantageous,  in  order  to  facilitate  cleaning  and  to  drain  wet 
cellars  generally  where  depth  of  the  sev,  m  i>  a  matter  of 

economic  concern,  it  is  due  to  construction  in  low-lying,  flat 
ground  which  at  the  same  time  is  likely  to  cause  wet  cellars, 
either  by  leakage  through  cellar  walls  or  by  ingress  of  surface 
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water  through  openings.    Such  conditions  are  preventable,  and 

.•onnniceneies  of  const  r  -h.,uld  I*-    ^     < .patod  even 

though  additional,  bin  n.,t  prohiUuve  cu*i,  i*  boomd. 

If  a  U  desirable  to  raise  the  height  of  the  sewerage  system, 
or  a  part  of  it,  in  order  to  save  pumping  or  construction  costs, 
the  main  houao  drain  can  be  suspended  above  the  cellar  I] 
in  whu-h  case  cellar  sumps  or  fixtures  cannot  be  provided    The 
pc*  «>f  wet  cellars  must  be  forestalled  by  subdrainage  of 

the  foundation.  The  expense  of  this  latter  method  must  be 
compared  then  with  the  COK>  .<*<i  in  lowering  the 

system.  With  a  6-ft.  cellar,  the  floor  of  wlnrh  is  4  feet 
the  adjoining  surface  of  the  ground,  and  a  20-ft.  set  bark,  a 
minimum  depth  <>f  7  ft.  at  invert  of  the  street  sewer  will  In- 
required,  in  order  to  make  a  satisfactory  house  connection.  The 
foregoing  will  be  sufficient  as  a  minimum  for  residential  streets 
and  where  the  nature  of  the  ground  occupancy  is  deli: 
ascertained.  Where  the  character  of  abutting  buildings  is  a 
matter  of  future  determination,  or  where  stores  or  other  commer- 
cial buildings  are  planned  or  are  likely  to  U-  Unit,  the  invert 
depth  should  be  increased  to  at  least  10  ft.  and  in  some  cases  to 
12  ft.,  so  as  not  to  restrict  the  use  of  the  land  for  the  most 
profitable  purposes. 

In  t  de  pth  and  location  of  mains,  attention  must  always 

be  given  to  the  question  of  future  extension  into  adjacent  triim- 
tary  areas.  Such  growth  may  be  rendered  difficult  and  costly  if 
the  sewerage  system,  as  planned,  will  not  permit  of  extension. 
Participation  of  municipal  authorities  and  of  adjoining  property 
owners  may  be  often  secured  to  cover  the  additional  cost 
incurred. 

In  sidehill  1<»< -:it  ions  wit  h  houses  on  the  higher  side  of  the  street 
it  is  possible  to  lay  the  sanitary  sewers  at  comparatively  shallow 
d.-pt  hs,  whil«-  those  on  the  lower  side  will  require  excessive  depths. 
It  thus  may  frequently  be  economical  to  sewer  the  houses  on  the 
lower  side  by  laying  a  duplicate  sewer  in  the  rear  of  the  houses  in 
an  easement  or  alley.  Advantage  may  be  taken  also  of  the  de- 
scending grade  of  a  street,  by  laying  the  house  connections  at  an 
angle  of  forty-five  degrees  and  running  down  street. 

Location  may  be  either  in  the  strtvt,  in  which  case  the  center 

line  is  desirable,  as  this  permits  the  manhole  covers  to  be  laid 

<>r  may  be  at  the  rear  in  an  alley  or  easement.    As  it  i* 

desirable  to  remove  as  many  of  the  substructures  from  the  street 
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as  possible,  it  generally  follows  th;tt  the  sanit.-iry  sewer  can  be 
located  in  the  rear  of  the  house,  not  only  with  less  dis.-tdv 
but  often  with  positive  economy.  The  relative  economy  will 
be  determined  by  the  comparative  length  of  house  eonneriiorjs 
required  for  front  or  rear  connertion.  There  is  a  relationship 
here  between  the  planning  of  the  house  and  that  of  t  he  « -\\ crage 
system.  With  all  fixtures  in  the  rear  of  the  house,  unless  the 
lots  are  too  deep,  there  will  generally  be  a  shorter  run  to  an  alley 
or  easement  in  the  rear,  than  to  a  sewer  in  the  center  line  of  t  lie 
street.  This  is  further  accentuated  in  cases  where,  t  here  is  a  l:i 
set-back.  With  the  sanitary  sewer  located  in  the  center  line  of  a 
50-ft.  street,  a  20-ft.  set-back,  the  vertical  soil  pipe  located  in  t  he 
rear  or  28  ft.  from  the  front  of  the  house,  and  a  lot  depth  of  100 
ft.;  the  length  of  house  connections  will  be  73  ft.  when  the  sewer 
is  located  in  the  street  as  against  about  55  ft.  when  located  in  a 
rear  easement  or  alley.  In  this  case  there  would  be  a  further 
saving  effected  by  reduction  in  the  length  of  cast  iron  soil  pipe 
within  the  building. 

A  further  deviation  from  ordinary  practice,  to  be  considered 
where  the  street  width  warrants,  consists  in  laying  the  street 
laterals  in  duplicate,  one  under  each  sidewalk,  instead  of  a  single 
sewer  in  the  roadway.  This  removes  the  sewer  from  under  the 
roadway  pavement,  always  a  desirable  feature,  and  avoids  open- 
ing up  house  connection  trenches  in  the  roadway;  also  shori< 
house  connections,  and  permits  a  lessening  of  the  depth  of  the. 
street  sewer,  on  account  of  the  shortening  of  the  house  connec- 
tions. The  length  of  street  sewer,  however,  will  be  doubled,  but 
with  street  widths  of  50  to  60  ft.,  the  relative  cost  will  be  about 
equal  and  the  question  will  be  settled  largely  as  a  construction 
problem.  With  wider  streets  the  *  comparative  costs  will  be 
more  pronounced  in  favor  of  the  duplicate  system.  The  arrange- 
ment of  the  sewerage  system  installed  in  Buckman  \ 'ill. 
constructed  by  the  Emergency  Fleet  Corporation,  is  illustrative 
of  the  latter  kind  of  planning  (Fig.  32). 

Appurtenances. — Most  of  the  accompanying  details  of  a  sani- 
tary sewer  system  are  subjects  of  such  common  practice  that 
little  more  than  mere  mention  need  be  made  of  them.  It  may  be 
well,  however,  to  state  a  few  of  the  standard  practices. 

House  Connections. — These  may  be  laid  with  either  5-in. 
or  6-in.  terra  cotta  pipe,  the  size  depending  upon  the  municipal 
plumbing  requirements  and  local  practice.  The  use  of  smaller 
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sites  is  to  be  discouraged,  on  account  of  the  likelihood  of  clogging. 

Terra   cotta   pipe   is    gem  -rally 
laid  from  the  sewer  connection 
to  within  5  ft.  of  the  building, 
from  which  point  cast  iron  pipe 
.  is  used.    Recommended    prac- 
J  tice  in  locating  house  conncc- 
§  tions  is  shown  in  Figs.  33  and 
|  34. 

5      House  connections  should  be 
|  laid  on  a  grade  of  not  less  than 
•o  Y±  in.  per  ft.,  and  it  is  not  de- 
J  sirable  to  have  the  grade  exceed 
inch  per  foot.     They  should 
\  "  •  laid  in  as  direct  line  and  grade 
2  as  possible,  and  with  the  same 
>  care  as  that  used  in  laying  the 
1  street  sewers. 

•=  The  connection  with  the  street 
•2  sewer  is  made  with  a  "Y",  or 
"5  Wye  Branch,  laid  in  the  street 
J  sewer.  Where  there  is  separate 
g  ownership,  or  occupancy  of  a 
~  building,  each  dwelling  should 

0  have  its  individual  connection. 

1  Joint  connections  lead  to  litiga- 
Ition     and    irresponsibility    for 
j|  stoppages. 

1      Manholes.  —  Manholes     of 
^  ample  size  and   proper  design 
|  should  be  provided  at  intervals 
¥  of  from  250  to  350  ft.,  for  sizes 
w  of  sewer  up  to  30  in.  in  diameter; 
for  the  larger  sizes   a  spacing 
from  300  to  500  ft.  may  be  used, 
depending  upon  the  size  of  the 
sewer.     It  is  good  practice  to 
provide  manholes  at  street  in- 
tersections, at  points  of  connec- 
tion with  other  sewers,  and  at 
intervening  points  as  required.     In  the  smaller  sizes  of  sewers 
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and  on  flat  grades  it  will  generally  be  Letter  practice  to  provide  a 
manhole  at  both  the  I'.C.  and  the  I'.T.  of  horizontal  curves,  but 
where  the  sewer  is  of  sufficient  size  to  be  entered,  on.  of  the 
manholes  may  be  omitted.  The  same  practice  may  be  followed 
where  the  grades  are  good  and  the  liability  of  stoppage  slight. 

The  manholes  may  be  constructed  of  either  brick  or  concrete, 
the  latter  being  better  in  wet  ground  and  all  should  be  provided 
with  manhole  steps  to  permit  of  access.  The  sewers  should  cut  er 
and  leave  the  manholes  at  or  near  the  manhole  invert.  Manhole 
castings  should  be  sufficiently  heavy  so  as  not  to  be  dislodged 
and  displaced  by  the  movement  of  heavy  traffic,  and  the  manh<  »1< 
frames  should  be  well  bedded  in  cement  mortar  to  prevent  the 
ingress  of  water  between  the  casting  and  the  structure.  Man- 
holes with  perforated  covers  should  not  be  located  in  depressions 
or  sumps  and  if  so  located  care  must  be  taken  to  provide  a  water- 
tight cover. 

Joints  and  Fitters. — The  cement  joint  is  used  for  ordinary  pur- 
poses. Where  ground  water  conditions  are  bad,  extra  deep  and 
wide  sockets  may  be  used  with  cement  filler  and  hemp  gasket ; 
and  when  under  considerable  ground  water  head,  bituminous 
joints  are  desirable  to  keep  down  the  leakage. 

Flush  Tanks  and  Manholes. — When  flushing  is  required  by  the 
design,  either  flush  tanks,  flush  manholes,  or  facilities  for  flushing 
by  hose  should  be  provided.  Flush  tanks  operating  automatic- 
ally discharge  a  limited  quantity  of  water  and  are  adapted 
especially  to  take  care  of  dead  ends,  but  are  not  effective  where 
flat  grades  prevail  throughout  the  system.  In  such  case  addi- 
tional flush  tanks  of  ample  capacity  or  flushing  manholes  must 
be  provided  at  considerable  cost,  or  flushing  must  be  done  by 
other  means.  The  two  latter  means  require  a  maintenance  force 
to  operate. 

Flushing  manholes  are  of  special  construction,  provided  with 
a  gate  at  each  sewer  opening  into  the  manhole,  which  may  be 
quickly  removed.  They  are  operated  by  closing  the  gate  and 
partially  filling  the  manhole;  then  a  sudden  release  by  opening 
the  gate  will  discharge  a  large  amount  of  water  under  head. 
Flushing  by  hose  through  a  properly  designed  manhole  is  prob- 
ably as  economical  as  any  method  and  likely  to  be  quite  as  sat  is- 
factory.  Typical  sections  of  a  number  of  the  appurtenances  and 
special  features  as  designed  by  the  Emergency  Fleet  Corpora- 
tion, are  shown  on  Fig.  34. 


awn  uji  i.v/j  /'A-  !/•,  ua 

Inverted  Siphon*.— Inverted  siphons  are  used  to  carry   the 

•ewer  line  under  water  course*,  or  other  obstructions,  which 

cannot  be  cleared  without   breaking  the  grade  of  the  sewer. 

not  lots  than  3  ft.  per  second  should  be  maintained 

in  inverted  siphons  under  all  conditions  of  flow.     Owing  to  fluo 

•:i-   in   rat.    •  be  accomplished,  only.   l>v   ;      vidmg 

one  or  more  additional  linos  of  pipe  of  various  sites  placed  at 

•  •nt  elevations.    Maintenance  of  velocity  in  the  small  lines 

causes  considerable  loss  of  head  and  |>  inujit  be  made  for 

it.     The  head  required  for  th«-  smaller  lines  dctennincs  the  total 

loss  of  head  in  the  siphon.    Clean-out  gate  chambers  provided 

with  proper  stop  plank,  or  gates,  for  manipulation  of  flow,  must 

be  provided  at  each  end  of  the  siphon.     With  proper  care  such 

Mi.lp.ns  can  be  designed  that  will  operate  through  many  years 

ut  necessity  of  cleaning. 

Foundation*. — In  firm  ground,  sewers  can  be  laid  .l.r.-.-tly  on 
the  excavated  subgrade.  tin-  U.ttom  of  the  trench  being  ex- 
cavated to  conform  to  the  shape  of  the  lower  half  of  the  pipe. 
In  soft  or  yielding  ground,  timber  platforms  or  cradles,  or  con- 
crete foundations  may  be  required  to  prevent  settlement.  In 
deep  cuts,  coi  :nforc«-ment  should  IK»  used,  extending  at 

least  6  in.  under  the  pipe  and  In  -inn  earned  up  well  on  the  side. 
Railroad  crossings  should  be  made  with  c:wt  iron  pipe  and  also 
surround)  d  l>\  concrete.  In  quicksand  or  other  unstable  soils, 
<>  considerable  yielding.  timber  piles  may  be  required 
in  addition  t<>  timber  or  concrete  cradles  or  platforms.  Under 
many  renditions  in  soft  ground,  it  will  U>  sulli. -i«-nt  to  lay  a 
foundation  consisting  of  a  thickness  of  6  in.  or  more  of  u 
or  broken  stone.  A  careful  examination  of  soil  conditions  and 
bearing  pressures  will  be  profitable. 

Pumping  Stations. — Where  pumpage  is  necessary  it  should  IK? 
reduced  to  an  absolute  minimum  by  the  elimination  of  all  un- 
necessary flow,  by  making  the  system  as  water-tight  as  possible, 
and  by  arranging  t  he  system  so  that  as  much  as  possible  of  the 
flow  can  be  carried  off  by  gra  \  i  t  \ • .  This  results  in  an  arrangement 
called  the  zone  system,  in  which  sewage  from  the  higher  levels 
to  the  lowest  limit  which  can  be  drained  by  gravity  is  collected 
and  carried  oft  in  Inch-level  sewers.  Sewage  from  the  lower 
levels  ise  collected  in  a  di>t  met  system  and  pumped  either 

into  a  hi'jh-level  sewer  or  carried  by  separate  outfall  to  the  place 

nt" 

u 
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I'nless  there  are  exceptional  conditions,  or  when  a  very  large 
installation  is  under  consideration,  pumping  is  generally  don< 
by  automatic  machinery,   using  electrically  operated   pumps, 
controlled  by  units  consisting  of  a  float  valve  and  rheostat. 

The  pumps  should  be  of  the  open  propeller  type.  In  fixing 
the  size  of  the  pump  to  be  installed  the  relative  costs  of  pumping 
and  investments  in  using  mains  of  larger  diameter  should  be  con- 
sidered. When  large  stations  are  under  consideration,  or  \vlu-n- 
electrical  current  is  not  available,  steam,  gasoline,  or  oil  driven 
units  may  be  used.  The  essential  features  of  such  an  installation 
include  a  receiving  chamber,  or  well,  permitting  intermittent 
action  of  the  pumps  at  an  economical  rate.  Pump  wells  should 
provide  for  at  least  15  minutes  maximum  flow.  Bar  screens, 
with  coarse  openings,  arranged  for  easy  cleaning,  must  further 
be  provided  in  order  to  prevent  clogging  of  the  pumps.  Units 
should  be  installed  in  duplicate  and  should  receive  daily 
inspection. 

STORM  DRAINAGE  SYSTEMS 

General  Considerations. — The  design  of  storm  drainage  sys- 
tems involves  considerations  of  general  arrangement,  capacity 
and  extent  of  installation.  The  latter  must  be  such  as  will 
preclude  damage  to  property  by  erosion  or  flooding,  prevent 
damage  to  pavements,  permit  the  development  of  property, 
and  add  to  and  conserve  public  convenience  to  a  reasonable  and 
necessary  extent.  The  extent  of  the  installation,  and  likewise 
the  cost,  will  therefore  vary  with  the  topographical  and  local 
requirements.  The  design  involves  consideration  of  the  rain  fall 
rate  to  be  provided  for,  the  maximum  rate  at  which  such  rains 
will  run  off,  the  area  covered  by  the  system,  and  questions  of 
location,  depth  and  grade. 

Rainfall  and  Run-off. — The  quantity  of  rainfall  is  a  most 
important  factor.  It  is  necessary  to  ascertain  exact  information 
as  to  the  intensity  and  frequency  of  heavy  downpours  of  rain, 
referred  to  as  intense  or  excessive  rains.  For  this  purpose,  the 
rainfall  records  of  the  nearest  United  States  Weather  Bureau 
office  can  be  obtained,  from  which  may  be  plotted  the  rate  of 
each  excessive  storm,  in  terms  of  its  rate  in  inches  per  hour  for  each 
5  minutes  of  its  duration.  These  curves  show  variations,  clearly 
demonstrating  that  the  arbitrary  assumption  of  a  certain  rainfall 
rate  is  utterly  unwarranted. 
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Rate*  to  Provide  Par.— Rainfall  diagrams  will  show  a  few 
abnormally  excessive  storms  occurring  at  infrequent  intervals. 
These  are  the  rates  determining  the  maximum  which  may  occur 
over  the  period  of  years  covered  by  the  records,  which  generally 
extend  back  as  far  as  1871.  As  to  whether  or  not  provision 
should  be  made  for  the  heaviest  rainfall  which  may  occur,  will 
depend,  entirely,  upon  the  local  conditions  and  circumstances. 

I  HI. •->  tli.  n?  are  unusual  topographical  conditions  occasional 
and  Imiiird  Mirrhar^inu  of  the  storm  sewers  may  not  result 
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Fio.  35. — Rainfall  frequency  curve;  shows  the  relation  between  the  frequency 

and  intensity  of  rainfall  for  storms  of  various  durations  for  the  Philadelphia 

o  of  a  series  of  diagrams  prepared  by  the   Engineerinc  Division  of 

..tod  States  Uousinc  Corporation.  Mr.  John  W.  Alvord.  Chief 


in  great  damage.    This  is  particularly  true  where  the  overflow 

can  be  well  <li>t  i  ibiited  and  at  places  where  such  surcharging  will 

not  flood  cellars  or  seriously  damage  public  or  private  property, 

nor    unreasonahly    intrrfriv    with    puMic    transportation    and 

Where  street  grades  are  good  and  the  excess  flow 

will  U>  quickly  carried  off  into  water  courses  or  ditches  and  where 

other  favorable  conditions  exist,   it    will  be  good  engineering 

practice  and  economy  to  design  the  storm  drainage  system  with- 

provision  for  the  heaviest  rains. 

r  cm  ful  consideration  of  the  local  con«l  may  \*> 

possible  to  reach  a  de<  anticipate  am  h  storms  u  hi.  h  only 


212  INDUSTRIAL  HOUSING 

occur  at  least  once  a  year  on  tin-  average,  or  the  frequency  pn»- 
vided  for  may  be  once  in  two  years. 

Fig.  35,  reproduced  from  studies  made  l»y  the  I'm  ted 
States  Housing  Corporation,  will  l>e  of  interest  in  this  connection. 

It  probity,  likely  to  be  damaged  is  in  business  districts,  it 
will  be  found  desirable  to  make  increased  provision,  so  as  to 
carry,  without  flooding,  storms  which  may  occur  at  intervals 
of  five  or  even  a  greater  number  of  years;  or  it  may  be  necessary 
to  even  care  for  the  maximum  rate  anticipated. 

Run-off. — This  is  the  amount  of  the  rainfall  reaching  the 
drains,  and  is  considered  in  terms  of  the  maximum  rate  of  dis- 
charge. Maximum  run-off  is  expressed  as  a  coefficient  "C", 
in  terms  of  the  percentage  of  the  rainfall  rate;  and  is  affected 
by  the  time  of  concentration,  which  is  the  interval  of  time  that  it 
takes  from  the  beginning  of  the  period  of  excessive  rainfall  to 
the  moment  when  the  maximum  discharge  is  obtained  in  the 
drain.  Time  of  concentration  and  the  conditions  affecting  it 
are  later  discussed. 

The  coefficient  of  run-off  "C",  depends  upon  a  number  of 
conditions,  among  which  are:  the  topography  and  prevailing 
slope,  including  the  slope  of  the  main  drain;  perviousness  of  the 
surface,  which  is  dependent  upon  the  character  of  the  soft, 
proportion  of  lawns,  sidewalks,  street  pavements,  buildings; 
the  condition  of  the  surface  of  the  ground  prior  to  the  beginning 
of  excessive  rainfall,  as  whether  the  ground  is  frozen,  or  saturated; 
and  the  duration  of  the  storm. 

An  average  coefficient  of  run-off  may  be  assumed  for  the  out  im 
area  and  applied  uniformly.  When  greater  refinement  is  es- 
sential, the  coefficient  of  the  various  tributary  subareas  may  be 
ascertained  by  analysis.  In  general  terms,  and  except  in  very 
flat  or  very  rough  topography,  the  value  of  the  coefficient,  for 
residential  districts  will  range  from  0.30  to  0.55  or  0.60.  Under 
given  topographical  and  soil  conditions,  the  coefficient  increases 
with  the  degree  of  development  and  the  density  of  population, 
so  that  it  is  necessary  to  estimate  the  ultimate  or  future  condi- 
tions which  the  system  is  to  serve.  Too  much  reliance  cannot  be 
placed  upon  the.  rate  of  discharge  observable  in  open  water 
courses;  for,  without  other  conditions  being  changed,  the  rate  of 
discharge  is  increased  by  the  installation  of  drains  due  to  the 
fact  that  the  time  of  concentration  is  shortened. 

Under  most  conditions  it  is  not  safe  to  assume  a  run-off  co- 
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fit  of  ICHS  than  0.50,  without  careful  analysis  of  local  condi- 
tion*.   In  sni  U,  where  the  topography  M  flat  and  th<- 

density  of  population  not  over  45  per  acre  the  *v>*ffimnt  may  be 
reduced  to  0.30  or  0.3T>.     In  l>u*in<-*«  •  :  the  coefficient  will 

be  higher  and  will  range  from  0.80  to  0.00. 

An  analytical  .-•  coefficient  of  run-off  is  based  on 

the  iinjx  I  \  iMiumess  of  ih«-  .hiT.-i.-nt  kinds  of  surfaces.    The  co- 
efficient likewise  increanes  with  the  estimated  dura*  orms, 

a>  tin    IIMJM  Tvmus  area  increases  owing  to  saturation.    The 
fullounm   values  may  be  used,  on  the  basis  of  calling  the  CO- 

MI  100  for  areas  immediately  yielding  all  the  water  which 

falU   tInTn.li. 
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CSMrfSwte 

lVro.nl 

b  ps^l   .. 

Roof* 

00-100 

Pavements—  (/»)  Hard  surface—  «hoct  asphalt,  grouted  M 

Stone,  etc    .  . 

80-00 

(fr)  Macadam,  gravel,  hard  earth,  H- 

30-50 

:.      :    , 

Sidewalks  —  paved  surface* 
planting  .strips 
Park*,  cultivated  areas,  etc. 

20-30 
80-00 
40-50 
5-25 

Thr  nation  of  the  amount  of  each  class  of  surface  will 

an  average  coenVi.-m  for  tin  mtire  area  considered. 
The  following  is  of  values  known  as  FrO tiling's  coeffi- 

<  imts  arrived  at  in  studies  in  Boston,  Massachusetts. 

TABUS  33.'— FnOnuNo's  VALUES  OF  RUN-OIF  CORFFIOIRXT 


KUidof 


Densely  built  center 

Densely  built  residence  districts 

Residence  districts,  not  densely  built 
Parks  and  open  spaces. . 
Lawns,  gardens,  meadow*.  <•>. 
slope  and  character  of  soil . 

FIT  \\.H..1,-,1   :irr:i- 


ying  w««li 


o  7    toO  0 
0  5    toO  7 

0  25  toO  5 

01  to  0  3 

0  05  toO  25 
0  01  toO. 20 


1  From  American  Sewerage  Practice:  Metralf  and  Eddy. 
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Extent  of  System. — Refen >n< -e  lias  already  been  made  to  the 
opportunity  of  lessening  the  cost  by  restricting  the  extent  of  the 
storm  drainage  system.  It  n -mains  to  point  out  under  what 
conditions  this  can  be  safely  done.  There  are  two  methods 
which  can  be  used;  first,  where  local  conditions  permit,  the  ni:iin 
or  trunk  sewers  can  be  reduced  in  length,  or  perhaps  entirely 
eliminated;  second,  the  extent  of  the  small  street  sewers  or 
laterals  can  be  minimized  by  eliminating  the  upper  ends. 

Nearby  water  courses,  drainage  ditches  and  drainage  lines 
can  be  utilized  as  elements  in  the  drainage  system  where  the 
continuous  use  of  such  as  open  water  courses  is  not  objection- 
able. Sections  of  such  natural  water  courses  may  be  improved, 
where  it  is  desirable,  by  realignment  and  rectification  of  grades 
and  sections.  Open  water  courses  may  be  covered  in  congested 
districts  and  this  is  often  necessary  as  a  sanitary  measure.  When 
suitable  precautions  are  taken  there  may  be  no  reason  why  such 
water  courses  may  not  be  used  permanently,  or  for  a  considerable 
term  of  -years,  thereby  deferring  the  first  cost  and  saving  the 
interest  charge  on  construction.  Where  this. can  be  accomplished 
the  storm  drainage  system  will  naturally  be  reduced  to  its 
simplest  units  of  street  laterals  of  smaller  sizes  of  pipe. 

Roof  Water. — The  extent  to  which  street  laterals  can  be  reduced 
or  eliminated  will  depend  greatly  upon  the  provisions  to  be  made 
for  carrying  roof  drainage  coming  from  the  houses.  When  the 
buildings  are  well  located,  lot  grading  developed  with  care,  and 
if  subfoundation  conditions  do  not  indicate  danger  of  wet  cellars, 
the  roof  leaders  may  discharge  on  drip  blocks  and  the  flow  carried 
over  the  lawn.  In  such  cases  it  will  naturally  flow  across  the 
sidewalk  and  thence  into  the  street  gutters.  If  this  is  objec- 
tionable, a  shallow  tile  drain  may  be  laid,  connecting  with  the 
roof  leaders  and  extending  across  the  lawn,  through  the  side- 
walk; thus  discharge  into  the  gutter  through  an  opening  in  the 
curb. 

Thus  an  elimination  of  the  house  and  cellar  drain  maybe 
worthy  of  consideration  from  an  economical  standpoint,  although 
this  practice  is  open  to  objection  for  certain  reasons.  In  some 
municipalities  the  connection  of  roof  leaders  to  the  storm  or 
combined  sewers  is  required  by  ordinances  or  statute.  There  is 
also  a  prejudice  against  the  practice  of  elimination  as  likely  to 
cause  wet  cellars,  and  to  make  the  sidewalk  impassable  in  winter 
owing  to  freezing  of  such  flow  from  the  house.  In  this  connec- 
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tion  it  must  bo  borne  in  mind  that  roof  leaders  themselves 
frequently  freese  and  melting  MIIOW  from  roofs  drip*  on  the  ground 
surface,  and  furthermore,  there  is  always  likelihood  of  a  con- 
siderable proportion  of  the  roof  water  during  heavy  rains  not 
reaching  the  down  npouU. 

Numbers  of  wet  cellars  have  been  examined  where  the  cause 
was  ascribed  to  the  discharge  of  the  roof  leaders  to  the  ground 
directly  adjoining  the  house,  )>ut  in  such  cases  the  trouble 
generally  has  been  found  elsewhere,  as  for  imttance  in  lack  of 
proper  subdrainage  of  foundation  where  soil  conditions  were  bad, 
or  defective  (rll.tr  wall  coi>  n.  \Yh<  is  advisable 

to  effect  the  disposition  of  roof  drainage  in  the  manner  indicated 
is  largely  a  matter  of  judgment  and  preference,  as  to  whether 
additional  cost  shall  be  incurred  or  the  disadvantage  permitted. 
The  cost  of  con  up  the  roof  leaders  to  the  storm  sewer 

\\ill  run  from  $25  to  $50  per  house,  depending  upon  the  roof 
design  and  arram  >f  yards. 

Street  Water. — The  distance  which  water  can  be  carried  in 
gutters  before  reaching  the  first  catch  basin  or  storm  inlet  at 
the  head  of  a  street  lateral  depends  upon  the  grade,  the  type  of 
pavement,  the  gutter  cross-section  and  the  prevailing  r;iT«-  nf 
excessive  storms.  Hard  surface  pavements,  such  as  sheet  as- 
phalt or  Mock  stone  are  not  subject  to  erosion,  and  under  such 
conditions  the  Butter  drainage  can  be  safely  carried  a  distance 
of  about  1000  ft.,  if  the  grades  permit,  and  provided  the  gir 
capacity  is  sufficient.  Pavements  having  less  resisting  qualities, 
such  as  water-bound  macadam,  are  more  subject  to  erosion, 
and  in  such  cases  a  gutter  run  of  600  to  700  ft.  generally  should 
be  the  maximum  limit.  The  spacing  of  inlets  along  the  line  of 
the  drains  is  discussed  later. 

If  storm  water  house  conne« -tjons  are  made,  either  the  street 
laterals  will  have  to  U»  extended  so  as  to  take  in  tin-  furihenn«»>t 
house  on  the  street,  or  small  drains  may  be  laid  under  the  curb. 
This  latter  practice  should  be  considered  where  thorough  sub- 
drainage  of  the  roadway  pavement  is  essential.  In  such  can 
smull  pipe,  4  or  6  in.  in  diameter,  may  be  laid  in  broken  stone. 

The  governmental  agencies  engaged  in  housing  during  the 
Great  War  endeavored  to  limit  the  extent  of  storm  drainage 
systems  to  between  one-third  and  one-half  the  length  of  the  sepa- 
rate sanitary  systems.  Upon  investigating  the  relative  lengths 
of  storm  drainage  and  sanitary  sewerage  systems  in  a  number  of 
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these  developments,  it  has  l>een  found  that  for  the  Emergency 
Fleet  Corporation  the  length  of  storm  drains  is  M\  per  oent.  of  the. 
length  of  sanitary  system,  while  in  the  United  States  Housing 
Corporation  the  similar  ratio  is  55  per  cent . 

Details  of  Design. — The  same  general  methods  are  employed 
in  designing  a  storm  drainage  system  as  have  been  recommended 
in  sanitary  sewef  design.  The  area  to  be  drained  i>  laid  out  in 
subdrainage  areas,  each  served  by  a  main  lat< -ral;  and  the  area, 
coefficient  of  run-off,  size,  capacity,  and  grade  of  the  mam  laterals 
draining  each  district  determined.  The  size,  capacity  and  grade 
of  the  main  sewer  is  then  determined  starting  at  the  upper  end 
and  proceeding  progressively  to  the  out  let . 

The  factors  for  design  of  the  laterals,  and  mains,  should  be  held 
consistently  throughout  the  area,  so  that  the  various  sections  will 
carry  off  the  same  proportion  of  discharge.  For  instance,  there 
obviously  will  be  surcharging  and  flooding  in  the  main  if  the. 
laterals  discharging  into  it  are  designed  to  carry  off  two  inches  of 
rainfall,  whereas  the  mains  are  designed  to  carry  but  one  inch. 

Discharge  Formula. — The  use  of  empirical  formulae  to  deter- 
mine the  quantity  of  discharge  and  hence  the  capacity  of  storm 
drains  is  obsolete  except  for  preliminary  computation.  In 
modern  practice  the  so-called  "Rational  Formula"  is  used,  which 
is  as  follows:  Q  =  AC  I.  In  this  "Q"  is  the  quantity  of  dis- 
charge in  cu.  ft.  per  second;  "A"  is  the  area  tributary  to  the 
storm  drain  at  the  point  under  consideration  and  is  expressed 
in  acres;  "C"  is  the  coefficient  of  run-off,  which  has  been  previ- 
ously discussed  and  which  is  expressed  as  a  decimal;  "/"  is  the 
rate  of  rainfall,  corresponding  to  the  time  of  concentration  and 
is  expressed  in  inches  per  hours. 

The  time  of  concentration,  is  made  up  of  the  initial  period,  or 
the  time  that  it  takes  the  water  from  the  furthermost  part  of  t  he 
area  to  reach  the  nearest  catch  basin  or  storm  inlet,  and  the.  t  inn; 
of  flow  within  the  system.  The  initial  period  depends  upon  the 
slope,  character  of  surfaces  and  the  distance.  For  simplicity  of 
computation  it  is  ordinarily  assumed  from  5  to  7  minutes.  After 
reaching  the  gutters,  the  storm  water  flows  to  the  nearest  inlet, 
and  the  time  element  here  involved  can  be  computed  from  the 
kind  of  surface  and  slope.  After  entering  the  lateral,  the  time 
of  flow  to  the  point  under  consideration  can  be  easily  computed, 
on  the  basis  of  the  grade  and  size. 

Should  there  be  an  outlying  unsewered  area,  it  will  be  neces- 
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nary  to  estimate  the  oontnl»ution  from  thin  source.  This  may 
be  done  by  one  of  tho  empirical  formula,  such  an  the  McMath  or 
liuii.i  Xi.  t!  ih hough  taking  more  time, 

to  develop  the  design  to  m<  lu«t.  this  area,  so  that  if  later  de- 
velopment occurs  the  system  will  be  adequate  to  carry  off  the 

Velocities  and  Grade*.— The  minimum  velority  in  storm 
drains,  flowing  full  <»r  half  full.  -h«.uld  n..t  lie  less  than  3  ft.  per 
see*''  rwiae  deposits  of  grit,  sand,  gravel  and  other  heavy 

materials  may  occur.  If  Mich  a  minimum  \  •  !• ..  ny  cannot  be  ob- 
tained with. .u-  undue  cost,  it  will  be  necessary  to- adopt  pre- 
cautions to  prevent  the  ad::,: --urn  of  heavier  materials  into  the 
system.  This  may  be  accomplished  somewhat  by  providing 
.  designed  catch  basins. 

•iesareu  provided  the  grades  of  tho 

drain  are  sutli< -im?  to  carry  off  heavy  materials  brough 
hut  on  sharp  grades  suitable  precaution  should  be  taken  to 
prevent  erosion  or  tearing  out  The  abrasive 

resistance  of  terra  cotta  pipe  is  sufficient  to  withstand  conditions 
impo>,-d  },y  steep  grades.  Where  large  sise  sewers  (in  excess  of 
3  ft.  in  diameter)  are  to  be  constructed,  it  is  usual  to  line  the 
invrrt  either  with  hard  vitrified  paving  or  newer  brick  or  with 
stone  block — although  monoliihie  oooerete,  if  well  constructed, 
has  an  equally  high  resist  a 

Computations  of  flow  should  be  based  upon  the  hydraulic 
grade  or  flow  line,  rather  than  on  the  invert 

imum  Si». — The  minimum  sice  of  storm  drains  should 
be  10  in.  in  diameter,  hut   \\li.-rr  the  installation  is  extent 
it  may  be  desirable  ?«,  increase  the  minimum  size  to  12  in.     Some 
municipalities  fix  a  •  rot  1  •"»  in.  a>  the  minimum  sise. 

Depth  and  Location. — The  crown  of  storm  drains  should  be 
least  from  2  to  2J>£  »  the  finished  surface;  so  as  to 

afford  protection.  The  drain,  however,  should  be  kept  as  close 
to  the  surface  as  possible,  k  n  mind  the  requirements  for 

house  connections,  junctions  with  other  sewers,  and  clearance 
\\ith  other  substructures. 

Joitite  and  Filler.— Cement  filled  joints  are  preferable,  since 
tiu'ht  <  on  is  not  necessary,  and  frequently  not  desirable 

«•  the  storm  drains  may  aid  in  subdrainage  of  the  ground. 

House  Connection*.— \s  there  is  lit  foreign  material 

carried  in  the  discharge  from  the  roof  leaders,  house  connections 
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may  be  laid  on  grades  just  sufficient  to  carry  the  estimated 
discharge.  Six  in.  house  connections  are  commonly  used. 

Manholes. — Manholes,  which  should  be  located  at  all  changes 
of  line  and  grade,  should  be  spaced  at  intervals  of  from  2.">()  to  400 
ft.  apart.  Manhole  covers  should  be  perforated  to  permit  of 
ventilation. 

Catch  Basins  and  Inlets. — When  the  velocity  in  the  system  is 
self-cleansing,  full  entrance  storm  inlets  are  preferable  to  catch 
basins.  Traps  on  storm  inlet  connections  are  undesirable  and 
objectionable  and  frequently  fail  of  intended  purpose.  The  inlet 
should  be  designed  to  give  direct  discharge  into  the  connection, 
so  as  to  prevent  the  retention  or  deposit  of  sand  or  other  mate- 
rials, and  to  provide  ample  waterway  area.  Inlet  and  catch 
basin  connections,  which  should  not  be  of  less  size  than  the  mini- 
mum for  street  laterals,  should  be  laid  on  a  grade  of  not  less 
than  two  per  cent.,  and  on  as  near  a  direct  line  as  possible  to  the 
street  lateral. 

Catch  basins  are  to  be  used  only  when  it  is  necessary  to  prevent 
the  discharge  of  heavy  materials  into  the  drains.  Such  design 
involves  careful  maintenance,  the  liability  of  stoppage  and  a 
possibility  of  nuisance.  Where  provided  the  catchment  capacity 
should  be  ample  to  permit  settling  and  retention  of  foreign 
materials,  but  even  then  the  necessity  of  frequent  cleaning  is 
always  present  and  excessive  storms  quickly  fill  such  basins, 
thus  rendering  them  of  little  effect. 

Storm  water  inlets  or  catch  basins  should  be  provided  at  the 
following  locations:  at  low  points  in  the  gutters;  at  breaks  of 
grade  in  the  gutters  where  the  grade  is  perceptibly  reduced; 
at  points  where  there  is  a  concentration  of  surface  drainage 
from  adjoining  areas;  at  important  street  intersections.  In 
business  districts  it  will  also  be  good  practice  to  provide  four 
rather  than  one  or  two  storm  inlets  at  intersections,  so  as  to 
prevent  flooding  of  the  street  crossing.  Where  the  grade  is 
continuous  around  the  intersection,  the  inlet  should  be  located 
at  a  point  a  short  distance  above  the  first  sidewalk  crossing. 
While  it  is  more  economical  to  locate  the  inlet  at  the  midpoint 
of  the  curb  arc  or  return,  such  location  is  unsightly  and  does 
not  keep  the  street  crossings  clear  from  flooding. 

At  ordinary  grades  of  from  one  to  three  per  cent.,  inlets  should 
be  spaced  at  distances  of  about  500  to  600  ft.  On  flatter  grades 
closer  spacing  will  be  desirable  in  order  to  prevent  ponding  or 
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pooling  of  water  in  the  gutter,  and  on  steeper  grades  such  spacing 
also  will  be  required  to  make  it  possible  to  catch  the  water  mov- 
ing at  high  vi  1  the  gutter  at  the  inlet  opening.    The  type 
of  roadway  pavement  will  have  an  influence  on  the  span: 
inlets  and  where  the  surface  is  liable  to  erosion,  deterioration,  or 
disintegra  M  «»f  water,  closer  spacing  of  inlet*  *  ill 
be  required,  particularly  on  flat  and  steep  grades 
Typical  drawings  of  storm  inlets  are  shown  in  Figs.  34  and  36. 


Flo.  M.— Typical  rtorm  inlet  M  designed  for  the  Loveland  Farm,  hou.ii*  project. 

Location. — When  the  separate  sanitary  sewer  is  laid  in  the 
center  of  the  street,  the  storm  drain  is  ordinarily  laid  between 
the  curb  and  the  center  of  the  street,  at  a  distance  of  about  five 
ft.  from  the  curl,  line.  If  a  planting  space  of  ample  width  \& 
led  and  if  there  is  room  for  clearance  between  the  tm  line 
and  the  curb,  or  the  sidewalk  and  the  pro|*Tty  line,  the  storm 
drain  may  be  laid  in  su«-li  space.  Where  some  of  the  substruc- 
tures must  be  laid  under  the  roadway  pavement,  it  is  preferable 
to  locate  the  storm  drain  in  the  street  rather  than  other  utility 
lines  for  which  the  necessity  for  repair  is  more  likely. 

COMBINED  SEWERS 

Combined  sewers  must  IKS  provided  to  nerve  the  requirement* 
of  both  systems  of  the  separate  plan,  and  the  design,  therefore. 
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will  be  affected   by   the  considerations   heretofore  listed   under 
each  system. 

Quantity  and  Capacity.— The  maximum  capacity  10  be  pro- 
vided is  filled  by  the  maximum  rate  for  storm  water  discharge, 
which  is  to  be  calculated  in  the  same  manner  as  for  storm  drains. 
There  is,  however,  this  exception;  as  sanitary  sewage  and  roof 
water  is  carried  in  the  same,  pipes  and  the  flow  at  all  times  con- 
tains sewage,  in  varying  proportion  to  the  storm  flow,  flood- 
ing or  over-taxing  of  capacity  will  be.  followed  by  more  serious 
results.  The  factor  of  safety  used  in  fixing  capacity,  therefore) 
will  have  to  be  increased,  as  it  will  only  be  permissible  to 
dude  the  most  excessive  storms.  Under  some  conditions  even 
the  maximum  rate  of  rainfall  will  have  to  be  provided  for.  The 
necessity  of  allowing  for  the  maximum  rate  of  rainfall  will  be 
increased  where  drainage  from  business  districts  is  under 
consideration. 

The  rainfall  rate  to  be  provided  for  will  vary  from  the  maxi- 
mum or  heavy  storms,  occurring  at  intervals  of  once  in  five  io 
ten  years.  The  possibility  of  property  damage  and  trouble  by 
flooding  must  be  balanced  with  the  question  of  cost. 

Consideration  must  be  given  and  allowance  be  made  for  waste 
from  street  cleaning  by  flushing  and  flow  from  flush-tanks  and 
similar  sources.  The  design  must  also  take  into  account  the 
minimum  flow,  which  will  consist  of  the  minimum  sanitary  dis- 
charge from  the  house  fixtures  plus  leakage.  Owing  to  the  com- 
paratively large  size  of  the  sewer,  this  How  will  ordinarily  be 
sluggish  compared  with  that  which  obtains  in  the  sanitary  sewer 
of  the  separate  system,  where  the  capacity  is  more  nearly  adapted 
to  the  hydraulic  requirements. 

Velocities  and  Grades. — The  minimum  grade  of  pipe  sewers  of 
from  10  to  15  in.  in  diameter,  should  be  such  as  will  jzivc  veloci- 
ties of  not  less  than  3  ft.  per  second,  when  flowing  full  or  half  full. 
When  larger  sizes  are  under  consideration,  conditions  obtaining 
under  minimum  flow  must  be  investigated. 

Where  sufficient  velocity  cannot  be  obtained  in  the  ordinary 
circular  section,  recourse  must  be  had  to  special  sections,  such 
as  the  "eeg-shape",  or  the  elliptical  sewer,  for  the  smaller  sizes; 
and  in  any  event,  special  attention  must  be  given  to  the  design, 
of  the  invert  in  large  sewers,  with  a  view  of  providing  for  a  suffi- 
cient depth  of  flow  during  dry  weather  conditions.  At  the  same 
time  the  section  must  be  so  designed  as  to  prevent  deposits  on 
ledges  where  the  shape  changes. 
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Depth  and  Location.  -The  flow  lino  of  combmed  sewers  should 
be  at  lout  10  fi.  In-low  the  Kurfaco  of  tin-  Mn«-t.  th. depth  1, 
<l  at  a  roquirod  fall  for  the  house  connections.     In  buninojMi 

•houid  IH-  increased  to  rj  ft. 

The-  r  tin-  ronibiiied  sewer  in  the 

center  of  tin-  street.    Ah  em. it  i\.   l«..  ;iti,,n^  u,  die  alley  or  one 
ment  at  tho  rear  of  the  houses  should,  however,  be  inquired 

and  ml-  economical  and  advantageous. 

Catch  Basins.— Traps  are  g<  <1  on  house  con- 

nections,  and  like    wise  on  rat.-h  basins  or  storm  in! 
com  On  account  of  the  r.  lower  self-clean- 

char  :   roinl.incd  sewers,  catch  basins  are  employed 

km  minx,  by  reason  of  necessity,  and  local  prai  • 
indicates  this.     A  trap  may  be  provided  cither  »n  the  < 
basin  mil n.  r  may  be  formed  in  the  catch  basin  itself; 

tin-  fnriii  tVrahlr. 

SBWAGB  TREATMENT  AND  DISPOSAL 

General  Considerations.— The  term  "  Sewage  Treatment  and 
l>o«il"  covers  tin-  inannrr  and  method  of  tho  ultimate  dis- 
position of  sewage.     Win  mnnly  n  f«  rs  to  works  providing 
treat  in. -Hi  of  sewage,  it  may  furnish  only  a  properly  designed 

into  an  open  water  course.     It  may,  howc\ 
con-  naive  works  designed  to  reduce  the  high  con- 

organic  matter,  to  a  degree  of  purity — the  so-called 
drinking  water  standard. 

There  is  embraced  in  tho  consideration  of  this  important  sub- 

.  not  only  a  knowledge  of  the  various  processes  and  methods, 

luit  also  the  appliratinn  of  them  to  the  problem  in  hand.     The 

object  sought  is  tho  dispoei'  he  sewage  in  such  manner 

as  will  be  sanitary,  cause  no  offense  or  nuisance,  which  will  not 

ni>  the  amenities,  and  whieh  will  not  menace  or  affect  the 

health  of  the  community  from  \\hi.-h  tho  sewage  is  discharged, 

of  any  <»•  m  the  1  Whatever  may 

be  the  re<pi  proMcm  must  U»  solved  in  the  manner 

and  1'V  the  methods  most  adaptable  and  effective  to  accomplish 

desired  results,  and  \\h--r.  by  the  cost  of  construction  and 

tli*    ooK  of  operation  will  l»e  considered  together  and  rendered 

as  low  as  consistent  with  the  desired  results.    Due  regard  must 

bo  piven  not  MI  requirement*}  of  the  present,  but  to  the 
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conditions  of  the  future,  as  they  may  be  affected  by  growth,  or 
by  a  change  or  raising  of  the  sanitary  poliry. 

s  beyond  the  scope  and  limits  of  this  volume  to  cove  i  in 
detail  the  projxT  s«l< .  i  ion  of  type  of  plant  and  its  design.  The 
subject  is  complex,  highly  technical  in  its  several  aspects,  as  it 
concerns  the  sciences  of  bacteriology,  chemistry,  hydraulics,  and 
is  a  distinct  and  separate  branch  of  the  eimin<-<  -rinir  profession. 
It  is  greatly  affeei«l  1>V  experimental  and  operative  data  of 
existing  plants  and  deductions  from  lengthy  investigations. 

While  there  are  but  few  who  will  question  the  necessity  of 
proper  sewage  disposal,  it  is  generally  looked  upon  by  those  upon 
whom  the  expense  falls,  as  an  added  and  expensive  l>unlen, 
bearing  no  return  or  profit  to  the  builder  and  installed  only  to 
satisfy  the  whims  of  state  authority.  There  is,  therefore,  often 
a  disinclination  to  do  the  right  thing  at  all,  with  the  result  that 
it  is  frequently  not  done  well  or  wisely,  and  that  the  cost  of  con- 
struction and  operation  is  excessive.  The  owner  is  chiefly 
concerned  in  effecting  disposal  at  the  least  cost,  that  the  require- 
ments of  the  State  Health  authorities  be  complied  with — but  he 
is  vitally  interested  in  a  solution  which  will  not  in  any  way 
depreciate  the  value  of  his  property. 

It  is  the  intention  here  to  point  out  the  principal  methods 
and  means  of  sewage  treatment  and  disposal,  with  some  informa- 
tion as  to  their  application  to  various  conditions  and  to  indicate 
the  extent  and  the  comparative  cost  of  such  installations.  It 
is  well  also  to  add  a  few  words  of  precaution  and  advice  as  to 
the  selection  of  the  best  adapted  methods  of  treatment,  and  as 
to  the  selection  of  the  site  or  location  of  the  works.  For  the 
results  of  sewage  treatment  and  disposal  installations  have  not 
always  been  entirely  satisfactory  and  failure  is  due  largely  to 
the  lack  of  judgment  in  selection  of  type  and  to  careless  and 
inefficient  operation. 

Purposes  of  Sewage  Disposal. — The  decision  to  discharge  sew- 
age into  bodies  of  water,  requires  consideration  of  the  possible 
insanitary  and  harmful  effects  of  such  discharge,  and  of  the  means 
and  processes  which  may  be  resorted  to,  to  prevent  such  evils, 
or  to  confine  them  within  reasonable  limits.  There  is  involved 
a  study  of  the  amount,  character  and  condition  of  the  sewage 
to  be  discharged;  a  proper  conception  of  the  character  and  extent 
of  the  various  obnoxious  and  insanitary  conditions  which  may 
result  therefrom;  the  character  and  physical  attributes  and 
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condition  of  the  stream;  the  nature  and  the  urn  of  the  stream; 
the  means  and  methods  of  sewage  treatment  and  disposal  w) 
are  best  adapted  to  pit-vent  ..Utoxious  or  insanitary  conditions, 
or  to  confine  the  affect*  within  reasonable  and  pcnni*uhl 
ooosistent  with  local  conditions  and  the  extent  of  injury  *) 
may  be  suffered  l.y  the  interest  ^  .-d 

Tin-  following  emidttiniui  may  be  created: 

1'hysical  effects  in  the  (if  discharge*  such  as  fouling 

and  deposits  of  soli<!  and  along  the  shores  and  bn 

of  the  .stream;  font,  I  »anks  of  sewage  mud  offshore  in  shal- 

low water  and  possibly  in  the  body  or  channel  of  the  stream;  dis- 
coloration and  turbidity  at  and  below  the  point  of  discharge. 
All  the  foregoing  c<>  local  nuisances  generally  objection- 

able in  appearance,  give  rise  to  offensive  odoi>.  and  may  din 
v  effect  the  health  of  the  community,  and  prc\ 
the  ii-.-  ..f  th,   water  for  pul»lic,  industrial  and  private  purposes. 
The  conditions  above  noted  will  generally  obtain  in  more  or  less 
aggravated  degree  in  th<>  vicinity  of  the  out  let,  unless  there  are 
umiMially    advantageous  circumstances.    The  continue 
such  evils  are  tolerated  only  because  of  the  indifference  of  puMn- 
opinion.    The  conditions  above,  referred  to  are  brought  about 
flu.-:!;.   !>v  th,  t  IM;IJ  ing  and  suspended  solids  carried  in  the  sewage 
and  are  referred  to  as  "local  nuisances". 

General  poll  the  water  course,  Mr  <  it  her  body  of  water, 

;Mng  a  condition  of  general  nuisance — a  term  used  to 

describe  the  effects  of  sewage  pollution  in  the  main  body  of  the 

stream — may  obtain  a  considerable  distance  from  the  point  of 

discharge,  and  is  to  be  distinguished  from  local  nuisance.    It  is 

'-d  in  a  physical  manner  by  floating  matter,  turbid 
discoloration,  offensive  odors  and,  in  a  biochemical  manner,  by 
changes  in  th.-  character  <>f  the  water,  resulting  principally  by 
the  reduction  and  in  the  most  extreme  cases,  by  the  exhaustion 
of  the  oxygen  normally  contained  in  fresh  water.  In  the  many 
extreme  cases  the  water  of  the  stream  may  approximate  that  of 
sewage,  and  this  condition  may  ohtain  nut  only  in  small  wa 
courses  such  as  brooks,  but  also  in  larger  streams  and  lakes.  It 
may  not  directly  concern  the  community  from  which  the  sewage 
is  discharged,  but  its  effects  may  be  far-reaching  and  interfere 
with  or  prevent  the  use  «.f  the  waters  of  the  stream  for  useful 
and  necessary  purposes,  and  may  be  destructive  to  fish  1 

Contamination  of  water  supplies  and  of  water  used  for  such 
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purpoees  as  Kit  him:.  hoatimr,  ami  for  manufacturing  and  indus- 
trial purposes  may  also  result  ;  all  of  which  arc  of  vital  impoi  IMIM  T 
to  the  health  and  welfare  of  the  community.  Such  contamina- 
tion may  occur  either  in  the  vicinity  of  the  point  of  discharge, 
or  at  points  more  remote.  The  question  involved  is  not  so 
much  that  the  water  is  polluted,  for  the  reason  that  most  water 
courses  are  unsuitable  for  use  as  public  water  supplies  without 
some  degree  of  water  purification,  hut  that  contamination  may 
be  of  such  magnitude  as  to  render  the  purification  or  use  of  such 
water  unduly  expensive  or  unreliable. 

To  avoid  any  or  all  of  the  fon "_;<>irm;  conditions  beim. 
recourse  must  be  had  to  that  met  hod,  process,  and  type  of  sewage 
disposal  works  which  will  safeguard  public  health,  and  will 
vent  or  restrict  objectionable  effects  in  a  manner  and  to  a 
degree  commensurate  with  the  rights  and  relative  interests  of 
the  several  users  of  the  water  of  the  stream.  The  particular 
works  should  be  of  such  kind,  nature  and  extent  that  neither 
the  community  discharging  the  sewage  will  be  put  to  unreason- 
able expense  or  the  users  subjected  to  danger  or  unwarranted 
expense  or  burden  in  purifying  or  treating  water  for  drinking 
purposes. 

Character  and  Constituents  oj  Sewage. — Sewage,  composed  of 
liquid  wastes  from  domestic  and  industrial  sources,  contains 
organic  and  inorganic  matters  in  varying  proportions,  in  t  lie  shape 
of  floating  and  suspended  solids,  and  in  solution.  It  contains 
enormous  numbers  of  bacterial  organisms  and  its  presence  as  a 
polluting,  contaminating  or  disease  producing  agency  is  identi- 
fied by  the  presence  of  the  bacteria  B.  Coli,  an  organism  emanat- 
ing from  the  human  intestinal  tract. 

Chemical  analyses  of  the  sewage  of  various  localities  reveals 
a  very  wide  range  in  its  character,  constituents  and  composition, 
which  is  caused  by  many  factors  and  conditions,  particularly 
the  per  capita  use  and  character  of  water,  the  relative  amounts 
and  nature  of  trade  waste,  the  extent  to  which  street  wash  is 
admitted  into  the  sewerage  system,  and  the  condition  of  the 
sewage  with  respect  to  age.  Not  only  does  the  sewage  of  various 
localities  show  great  differences  but  the  strength  and  composition 
of  the  sewage  in  any  particular  sewer  varies  from  hour  to  hour, 
and  moreover  the  condition  of  sewage  changes  with  time  as  the 
process  of  its  decomposition  proceeds.  Sewage  is  therefore  vari- 
able and  complex. 
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The  imponant  characteristic  of  «ewagp  in  the  amount  ami 


of  sol  iia,  a  considerable  portion  of  win 

organic,  and  benoe  su  •*  decomposition,  and  the  balance 

mineral  n  The  solids  are  partly  in  auapenaion  and  partly 

diaeolved  or  in  solution  in  the  sewage.    The  suspended  mat 
of  particular  significance  on  account  of  the  part  it  play*  in  the 
creation  of  local  nuisances  in  the  v.  •'  the  outlet.1 

Suspended  solidn  are  those  which  are  removed  from  sewage  or 
tandard  laborat.  hods  of  nitration.    That 

part  which  subsides  in  quiescent  sewage  in  two  hours  is  termed 
the  "settling  solids".  Some  of  the  suspended  matter  is  so 
1  1.  at  it  rannnt  \tc  settled  I.  y  on  hnary  s«-t  t  ling  proc- 
and i>  I  an  colloidal  matter.  uhi.  h  is  suspended 

matter  so  finch  -divided  that  it  \\ill  not  /mUude  in  two  hour*  and 
will  not  pass  through  a  parchment  membrane  in  the  ordinary 
process  of  dialysis. 

The  sewage  of  tin  typical  residential  community  will  generally 
contain  less  than  1000  parts  JUT  million  of  solids,  and  per  hap* 
600  to  800  parts  |>  -r  million  may  be  taken  iw  typical.  '!'!..-  it 
will  IM-  seen  that  t  hr  solids  constitute  less  than  one-tenth  of  one 
percent,  of  tin-  total.  At  the  total  solids  will  U- 

•  sion  and  the  balance  in  solution.     Then  again,  ap- 
proximately one-half  only  of  •  •  d  solids  can  be  set  tl.il 

in  two  hours.  It  will  lx>  evident  that  the  exact  amount  of  the 
solids  whi<  h  '••«!,  U>  >rttl<-<!  out  in  ordinary  tn-atmcnt  processes 
is  of  great  importance,  but  tli  houuh  .  ient  sedi- 

mentation or  removal  is  ol»tain<d,  and  practically  all  of  the  set- 
solids  thru  in.  in  the  sewage,  the  effluent  will 

Mill  <ontaina  very  large  portion  of  the  puin-.M-ihli-orKrinir  m 
whirh  is  eith«T  in  tin*  form  of  colkxiial  matter,  hut  rmt  >iisr<«ptil»lr 
to  sedimentation,  or  in  solution. 

Thi»  then  will  indicate  why  son  ively  simple  processes 

Mi<  h  as  screening  and  tank  treatment  of  sewage,  while  they  may 

vo  to  correct  local  nuisances  and  the  more  obvious  effect  * 

of  sewage  discharge,  cannot  be  expected  to  prevent  contamina- 

tion of  water  supplies,  unless  further  treatment  is  given.    Resi- 

il  sewage  from  small  communities  has  this  charact. 
that  the  proportion  of  matters  in  suspension  and  settling  solids 

1  See  definition  of  terms  used  in  sewage  treatment:  Report  of  the  Com- 
in.tt.-,-  on  S-werace  and  8ewa«e  Diaposal  of  the  Sanitary 
>n  of  the  American  I*uhlu  lloalth  AMociation.  1017. 
15 
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is  relatively  high  compared  to  I  In*  sewage  of  large  manufacturing 
cities. 

Decomposition  oj  Sewage. — Sewage  undergoes  a  pi 
decomposition,  accomplished  by  chemical,  physical,  and  bacter- 
iological agencies,  all  of  which  play  an  important  part  and  which 
account  for  the  varying  conditions  and  characteristics.  The 
process  in  its  simplest  terms,  consists  of  t  IK  breaking  down  of  the 
organic  matter  in  solution  and  suspension  and  resolving  it  into 
stable  compounds,  which  is  finally  accomplished  by  the  action 
of  bacteria,  both  with  and  without  the  presence  of  oxygen. 

An  important  characteristic  of  the  process  of  the  decomposition 
of  the  contained  organic  matter  of  sewage  is  the  consumption  of 
the  oxygen  contained  in  the  sewage  and  in  the  water  into  which 
it  is  discharged.  Both  the  strength  of  the  sewage  and  the  degree 
of  decomposition  which  it  has  undergone,  can  be  m< -a-un •«!  in 
terms  of  the  amount  of  oxygen  required  for  the  completion  of 
the  process  of  oxidation. 

The  process  of  decomposition  of  sewage  is  marked  by  the 
following  characteristics : 

Beginning  generally  in  the  collecting  system,  the  solids  are 
broken  up  by  mechanical  action,  some  becoming  suspended  mat- 
ter and  some  going  into  solution;  the  oxygen  contained  in  the 
water  begins  to  be  absorbed  by  the  organic  matter,  first  by  the 
organic  matter  in  solution,  and  later  by  the  suspended  matter; 
this  is  continued  as  the  breaking  down  process  of  decomposition 
of  the  solids  proceeds.  When  the  oxygen  in  the  sewage  has  been 
consumed  and  the  decomposition  of  the  suspended  matter  begins, 
which  may  take  place  in  about  six  or  eight  hours,  the  sewage 
may  be  said  to  be  stale.  The  bacterial  agencies  which  bring 
about  decomposition  work  either  with  the  presence  of  air,  in 
which  case  the  process  is  one  of  oxidation,  and  is  termed  aerobic; 
or  in  the  absence  of  oxygen,  the  bacterial  organisms  in  this  case 
being  termed  anaerobic. 

Final  decomposition,  without  nuisance,  can  be  brought  about 
only  by  complete  oxidation,  and  can  be  effected  either  by  the 
discharge  of  the  sewage  into  a  body  of  water,  the  oxygen  content 
of  which  is  sufficient  to  complete  decomposition  by  oxidation, 
or  by  accelerating  the  process  of  oxidation  in  treatment  plants 
by  artificial  means. 

Disposal  by  Dilution  and  Diffusion. — Dilution  in  a  body  of 
water  is  a  natural  process  of  disposal.  To  be  satisfactory,  it 
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must  be  carried  out  \\irh...  ir  local  nuisance  in  the  vicinity  of  the 
outlet,  and  nuwt  not  contaminate  or  pollute  the  waters  of  UN* 
stream  in  such  manner  ait  te  reasonable  sanitary  r«  <|um- 

ments.  The  ni-ih1  \  «.f  tin-  lx»dv  of  water  to  handle*  the  burden 
placed  upon  it  by  the  discharge  of  the  sewage  will  depend  upon 
its  condition  with  respect  to  pollution  from  o  t  her  source*,  it*  vol- 
ume, depth,  character  of  its  banks  and  shores,  and  the  velocity 
and  volume  of  its  discharge. 

Many  instances  may  be  cited  of  the  self-punfyinu  abilities  of 
:  courses  into  which  the  sewage  from  large  populations  is 
discharged  without  seriously  affecting  tin  ir  condition,  use  and 
appearance.    This  obtains  because  the  quantity  of  oxygen  avail- 
:il>l<  is  sufficient  f<  <  >n.  and  other  conditions  arc  favorable. 

The  con  i  !  f  thr  pn,  1,1,  in.  th.-  ..f  conditions,  and 

lack  of  sufficient  j.r.  .-ise  data,  make  it  impossible  to  set  a  definite 
and  general  standard  which  will  .l.-im.-  th.  conditions  under 
\\  hi-  h  disposal  by  dilution  can  be  effected  without  objectionable 

Authoritative  Opinions.  —  As  a  criterion  for  the  guidance 
of  sanitary  engineers,  and  with  th*  un«l«  r  -landing  that  local 
nuisance  and  contamination  of  water  supply  be  avoided,  the 
Passenger  Transportation  and  Housing  Division  of  the  Emer- 
gency Fleet  Corporation  recommended  the  following: 

posal  by  dilution  is  generally  satisfactory  as  regards  freedom 
from  gross  nuisance,  if  the  sewage  is  properly  carried  away  from  the 
shore  and  in  shallow  water  through  a  submerged  multiple  outlet,  and 
when  the  flow  of  the  stream  in  extreme  dry  weather  will  provide  a  dilu- 
tion of  about  5  eu.  ft.  per  second  per  thousand  population  connected 
with  the  sewers.  Streams  connected  with  public  water  supplies  should 
receive  special  considt 

l»y  tin-   .  ring  Division  of  the 

United  States  Housing  Corp  used  the  same  amount. 

This  is  an  indication  of  the  amount  of  dilution  which  will  be 

n-*!1  lined  under  average  conditions  but  cannot  be  considered 

as  of  universal  application,  particularly  where  there  is  likelihood 

pooling  of  sewage  during  dry  \\  cat  her  [M-riods,  and  in  the  case 

of  shallow  streams  having  irregular  courses  and  shallow  depths. 

When  the  stream  I  ><•!..  u  th*  M\\.I  outlet  is  used  as  a  source  of 

supply  thr  (|u<-Mion  of  pollution  of  such  supplies  must 

receive  can  ful  «>nsidrmtion.     As  the  contamination  of  drinking 

water  must  in  ju  t  be  absolutely  avoided,  we  must  be 
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guided  by  the  conclusion  that  untreated  sewage  cannot  be  <li>- 
charged  into  a  body  of  water  so  used,  if  an  unreasonable  burden 
is  thereby  placed  upon  the  systems  of  purification.  The  rela- 
tive economy  and  effectiveness  of  sewage  treatment  versus 
water  purification  is  involved,  and  in  this  eonneetimi  the  follow- 
ing conelusions  reaehed  by  the  Advisory  Engineer  of  the  Inter- 
national Joint  Commission  arc  of  interest. 

"In  water  ways  where  some  pollution  i>  inevitable  and  where  the 
ratio  of  the  volume  of  the  water  to  the  volume  of  sewage  is  so  la  rue  tint. 
no  local  nuisance  can  result,  it  is  our  judgment  that  the  method  of 
sewage  disposal  by  dilution  represents  a  natural  resmirn  and  that  tin- 
utilization  of  this  resource  is  justifiable  for  economic  reasons,  provided 
that  an  unreasonable  burden  or  responsibility  is  not  placed  upon  any 
water  purification  plant  and  that  no  menace  to  public  health  is  occa- 
sioned thereby." 

"It  is  our  opinion  that,  in  general,  protection  of  public  water  sup- 
plies is  more  economically  secured  by  water  purification  at  the  intake 
than  by  sewage  purification  at  the  >c\\-er  outlet,  but  that  under  BOflM 
conditions  both  water  purification  and  sewage  treatment  may  be  neces- 
sary." 

As  to  the  particular  problem  in  hand,  that  of  the  pollution  of 
the  boundary  waters  between  the  I'nited  States  and  the  Domin- 
ion of  Canada,  the  Advisory  Engineers  concluded: 

"  While  realizing  that  in  certain  cases  the  discharge  of  crude  sewage 
into  the  boundary  waters  may  be  without  danger,  it  is  our  judgment 
that  effective  sanitary  administration  requires  the  adoption  of  the 
general  policy  that  no  untreated  sewage  from  cities  or  towns  shall  be 
discharged  into  the  boundary  waters." 

In  determining  the  advisability  of  disposal  by  dilution  without 
treatment,  it  is  necessary  to  know  to  what  extent  water  used  as  a 
source  of  supply  may  be  polluted.  In  this  connection  the 
standards  considered  by  the  Joint  Commission  and  by  the  PuMie 
Health  Service  of  the  United  States  Treasury  Department  are  of 
interest  (See  Chapter  VI)  and  will  aid  in  determining  whether, 
under  the  given  conditions,  disposal  by  dilution  without  treat- 
molt  is  permissible. 

Location  oj  Outlets. — Where  disposal  by  dilution  is  determined 
upon,  the  discharge  of  sewage  and  of  the  effluent  of  treatment 
works,  require  careful  conn-l-  i:<ti<,n  in  the  location  and  design 
of  the  outlet,  so  as  to  prevent  local  nuisance  at  the  shore  and  in 
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tin-  v  of  the  point  of  'liitcharge.    The  outlet  should  be 

located  with  pr..|*  r  regard  to  ti  .of  wat<  ...!,  and 

velocity  of  .  and  to  such  conditions  as  shoal*,  sand  bars, 

ddies.    In  most  cases  this  will  r.< pure  extension  of  the  on 
beyond  the  shore  to  such  a  point  and  to  such  depth  that  good 
u  or  dispersion  of  the  sewage  can  be  obtained  and  main- 
tained.    'Mi-    \.  !•><  MY  of  flow  in  the  submerged  outlet  must  be 
sufficient  to  prevent  deposits  therein  and  in  the  immediate 
nity  of  the  outlet  en<i,  for  this  reason  the  sue  is  generally 
made  leas  than  that  <>f  th.  nut  fall  sewer.    This  will  involve  loss 
head,  and  may  require  n.«.n«  than  one  line  in  cases  where 
fluctuations  in  quair  iischarge  are  large.     Multiple  outlet* 

also  promote  dispersion.  In  the  case  of  combined  sewers,  or 
where  a  part  of  tin-  storm  waUr  is  admitted  into  the  system  an 
overflow  is  provided  at  the  she  <  xccss  discharge  passing 

directly  into  the  water  course. 

n  of  the  approach  of  the  outlet  I  in.-  must  be  fixed 
\\ithp:-  rcnceto  n  of  tin-  water  in  the  stream, 

so  as  to  obtain  a  free  discharge  and  to  avoid  checking  thc>  flow 
in  the  outfall  under  ordinary  working  conditions,  which  would 
result  in  the  forming  of  deposits  in  the  sewer.  This  should 
also  be  located  wit  nee  to  the  possibility  of  the  future 

construction  of  treatment  works,  so  that  the  expense  of  future 
con  in  that  connection,  may  be  minimised  and  the  essen- 

tial features,  particularly  the  hydraulic  requirement*  of  future 
treatment  works  should  be  t  hen  provided  for.  The  outlet  should 
not  be  located  in  proximity  to  public  highways,  bridges,  or 
dwellings,  as  injury  to  private  or  publie  inn-rest  may  ensue,  and 
nuisances,  which  otherwise  might  be  relatively  of  little  impor- 
tance, may  be  a  matter  of  serious  moment. 

Particular  consideration  is  necessary  where  public  water  sup- 
plies tal  raw  water  near  the  sewer  outlet.  Unless  condi- 
tions are  exceptionable  and  most  favorable  for  thorough  mixing 
of  sewage  with  the  water  of  the  stream  or  other  body  of  water, 
disposal  inicnt  should  not  be  used  if  th.-  water  works 
intake  is  \\  i  t  h  i  n  several  miles  of  t  he  ou  t  let .  There  will ,  t  hcrefore, 
arise  problems  of  comparative  cost  as  to  the  advisability  of 
huililmir  innt:  OUT  falls,  or  providing  a  reasonable  degree  of 
treatment. 

Discharge  into  estuaries  and  creeks  of  tidal  waters,  present 
difficulties,  due  to  the  generally  prevailing  shaUownessof  the  water 
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and  the  effect  of  the  incoming  tide.  In  such  cases  exceptional 
care  will  have  to  be  taken  so  that  obnoxious  conditions  will  not 
be  created;  such  may  require  treatment  in  tanks  or  screening, 
or  storage  in  tanks,  with  discharge  on  re<  ide. 

Noreg  Village  and  Yorkship  Village,  built  during  the  War  by 
the  II ou -ing  Division  of  the  Emergency  Fleet  Corporation  near 
Camdcn,  New  Jersey,  present  good  illustrations  of  the  alterna- 
tive methods.  See  Fig.  37  for  illustration  of  plant  for  the  lat  t< T 
place.  The  streams  into  which  the  effluent  from  these  two  towns 
discharge  were  in  many  conditions  similar.  Settling  tanks,  with 
provision  for  separation  and  removal  of  sludge,  were  provided 
for  Yorkship  Village,  which  has  a  population  of  about  8500  and 
discharges  its  sewage  into  a  branch  of  Newton  Creek,  a  small  tidal 
stream  or  estuary.  In  the  case  of  Noreg  Village  of  much  smaller 
size,  the  construction  of  treatment  works  was  not  deemed  war- 
ranted, and  here  the  discharge  from  a  population  of  about 
3500  is  pumped  into  a  storage  tank,  which  is  emptied  upon  tin- 
ebbing  tide. 

Processes  of  Treatment. — The  methods  and  processes  of  sew- 
age treatment,  each  of  which  is  intended  to  accomplish  the  specific 
results,  may  be  broadly  classified  as  follows : 

(a)  Those  to  remove  suspended  matter  by  mechanical  means, 
such  as  by  sedimentation  or  screening; 

(6)  Those  to  remove  the  finer  suspended  matter  and  ox  i  d  i  /<  •  t  h  e 
dissolved  solids; 

(c)  Destruction  of  the  bacteria  by  disinfection,  or  sterilization. 

The  process  of  treatment  which  may  be  required  or  desirable 
may  be  a  single  process,  adapted  to  the  requirements,  or  it  may 
consist  of  a  combination  of  various  processes. 

The  discussions  of  the  various  processes  of  sewage  treatment 
which  follow  are  necessarily  limited  to  their  main  features  and 
functions.  Before  entering  upon  these  descriptions,  it  will  be 
well  to  state  that  many  of  the  definitions  used  in  this  connec- 
tion are  adopted  from  those  drafted  by  the  Committee  of  the 
American  Public  Health  Association,  1917. 

Screening. — Screens  of  various  types  are  used  as  a  mechanical 
method  of  removing  floating  solids  and  suspended  matter. 
Coarse  screens,  which  have  openings  in  excess  of  1  in.  in  least 
dimension,  and  of  the  bar  and  grat  i  n  g  t  ype,  are  used  to  remove  the 
larger  particles,  either  as  preliminary  to  further  treatment  or 
before  disposal  by  dilution.  While  serviceable  in  protecting 
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pump*  and  preliminary  i<>  further  <>p< -rations,  coarse  screens  are 
not  generally  useful  in  the  disposal  of  sewage  from  the  small 
communities. 

!  mo  screens  are  those  which  have  openings  of  }£  in. 
or  less,  in  least  dimension,  and  are  being  increasingly  used, 
both  as  a  preliminary  process  to  further  treatment,  and  under 
some  conditions,  as  the  sole  method  of  treatment  prior  to  dis- 
charge. There  are  various  types  of  fine  screens,  including  band 
screens,  wing  screens,  drum  screens,  and  disc  screens. 

Band  screens  are  of  wire  mesh  or  bars,  the  screen  operates  on 
rollers  on  the  endless  belt  principle,  with  provision  for  removal  of 
screenings  from  the  upper  end. 

Wing  screens  are  usually  of  the  bar  type,  composed  of  radial  or 
curved  vanes,  rotating  on  a  horizontal  axis  and  depositing  the 
screenings  by  a  mechanical  device. 

Drum  screens  consist  of  cylindrical  or  conical  screens  operating 
on  a  horizontal  axis. 

A  number  of  installations  have  been  made  in  recent  years  of 
the  Riensch-Wurl  type  of  disc  screen,  which  consists  of  a  circular 
inclined  perforated  plate,  set  at  an  inclination  with  the  horizontal 
and  surmounted  by  a  perforated  concentric  truncated  cone  of 
smaller  radius.  The  perforations  in  the  plate  and  cone  are 
elongated  openings  or  slots  the  width  of  which  is  dependent  upon 
the  requirements.  The  chief  advantage  of  this  screen  is  its  com- 
paratively large  screening  area,  mechanical  simplicity  of  opera- 
tion and  effective  arrangement  for  cleaning. 

Tank  Treatment. — Tank  treatment  consists  primarily  of  the 
detention  of  the  sswage  in  a  settling  tank  for  a  sufficient  period 
of  time  to  effect  the  removal  by  sedimentation  of  a  considerable 
portion  of  the  suspended  solids.  In  some  tanks,  provision  is 
made  for  digestion  of  the  settled  solids  or  sludge,  so  as  to  permit 
of  its  disposal  without  further  treatment.  In  the  simpler  types 
sludge  digestion  is  accomplished  in  separate  tanks. 

The  simplest  type  of  tank  is  the  one  story  sedimentation  tank, 
through  which  the  sewage  is  passed  at  slow  velocity  and  the  ac- 
cumulated sludge  is  drawn  off  at  comparatively  frequent  inter- 
vals, sludge  digestion  being  accomplished  in  auxiliary  tank-. 

The  septic  tank  is  a  one  story  sedimentation  tank,  ordinarily 
rectangular  in  shape,  from  which  the  sludge  i>  drawn  off  only  at 
long  intervals.  There  is  to  some  extent  a  biological  action  in  the 
tank,  which  assists  in  reducing  the  finer  colloidal  settling  matter, 
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and  there  it  §ome  reduction    in   the   quantity  of  sludge  by 

IHJU.  i  i.  n.,n  <  trulor  the  action  of  anaerobic  bortcria.     Whilemany 
installations  have  been  made  in  this  country,  it  is  no  longer 
considered  to  be  suitable  for  use  in  connection  with  <> 
processes,  as  other  types  of  tanks  have  taken  its  place  where 
the  removal  of  suspended  matter  is  the  solo  object  sought. 

Installations  consisting  of  tanks  with  hopper  bottoms,  built 
in  units  of  two  or  more,  will  sometimes  be  found  serviceable  under 
certain  local  conditions.  The  sludge  is  I..-M  in  the  hopper  bot- 
tom and  the  operation  of  the  tank  continued  until  such  time  as 
the  sludge  can  be  run  off  without  causing  offense.  When  a  suffi- 
cient degree  of  digestion  of  the  sludge  cannot  be  obtained  other- 
\VJM-.  thf  t:mk  i>  thn.un  ..iM  .,f  njM-ratiun  an.!  th.--lu.lt:>-  iN-nnin,-«l 
to  decompose  and  digest,  <>th<  -r  units  being  meanwhile  used. 
Unless  the  installation  is  very  small  it  will  generally  be  preferable 
to  use  separate  sludge  digestion  tanks. 

In  the  two  story  tank,  sewage  is  passed  through  the  tank  in 
M  a  manner  that  it  does  not  come  into  con  tart  with  the  sludge; 
sedimentation  and  sludge  digestion  thus  take  place  in  the  same 
tank  without  the  efllunit  Incoming  s<  offensive.    The 

Imhoff  is  the  best  known  of  the  two  story  tanks.  In  this  tank 
the  suspended  matter  is  settled  out  and  automatically  removed 
through  slots  and  falls  to  the  bottom  of  the  settling  chamber 
where  sludge  digestion  takes  place.  The  tank  is  so  designed  that 
tit*  sludge  may  be  thoroughly  decomposed  and  rendered  free 
of  offensive  odor  so  that  it  can  be  drawn  off  and  dried  without 


'•entage  of  the  suspended  matter  removed  in  tanks  of 
the  various  types  varies  through  a  very  wide  range,  which  de- 
pends upon  the  design  and  operation  of  the  tank,  and  the  charac- 
ter and  condition  of  the  sewage. 

alum.—  When  a  non-putrescible,  or  stable,  effluent  is 
requited,  one  of  the  various  filtration  processes  may  be  adopted. 
The  sewage  is  passed  through  a  bed  of  broken  stone,  sand,  or 
other  material  and  as  a  result  of  bacterial  action  taking  place  in 
presence  of  air  in  the  interstices  and  on  the  surfaces  of  the 
filter  material,  the  organic  matter  in  the  sewage,  in  suspension 
and  dissolved,  undergoes  certain  biochemical  changes  and  is 
oxidised  and  converted  into  stable  compounds.  The  extent  to 
which  suspended  matter  is  removed  from  the  effluent  and  the 
bacterial  efficiency  are  dependent  upon  the  type  of  design,  of 
which  the  following  are  in  use: 
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Trickling  Filters. — In  (hi-  t\{>of  sometimes  culled  sprinkling  filters, 
the  sewage  is  sprayed  thmu^h  nozzles,  or  distributed  by  mechanical 
device,  upon  a  bed,  several  feet,  in  depth,  of  broken  stone  or  other  coarse 
grained  material,  through  which  it  slowly  ix-rcolutes. 

Contact  Beds.— These  consist  of  water  tight  basins,  cont .-lining  a  bed 
Token  stone  or  other  coarse  grained  material,  which  is  alternately 
filled  with  sewage  and  emptied,  with  an  intervening  period  of  rest  to 
permit  of-  aeration. 

Intermittent  Filtration. — This  provides  for  filtration  at  low  rate  through 
natural  or  artificial  beds  of  sand  with  alternate  periods  of  rest. 

Broad  Irrigation. — This  is  one  of  the  earlier  methods,  now  generally 
abandoned,  in  which  the  sewage  is  applied  to  a  specially  prepared  tract 
of  porous  soil,  which  in  some  cases  is  cultivated.  This  process  is  also 
known  as  sewage  farming  and  land  filtration. 

Before  the  raw  sewage  is  applied  to  any  filter  bed  it  should  be 
passed  through  screens  or  tanks,  to  remove  the  settling  solids  and 
so  prevent  clogging  of  the  filter  beds  and  to  lessen  the  burden 
imposed  upon  them.  While  the  effluent  from  well  designed  and 
operated  trickling  filters  or  contact  beds  will  be  stable,  it  may  be 
necessary  to  subject  the  effluent  to  subsequent  treatment  by 
secondary  filtration  or  sedimentation,  so  as  to  remove  the  non- 
putrescible  content  of  suspended  matter  and  to  more  completely 
destroy  the  bacteria.  Where  complete  bacterial  removal  is 
required,  the  effluent  from  the  beds  or  from  the  final  settling 
tanks  should  be  disinfected. 

Other  Processes. — Activated  Sludge. — This  consists  in  the  aeration  of 
raw  sewage,  mixed  with  a  suitable  quantity  of  activated  sludge  which 
has  been  previously  cultivated  in  such  manner  as  to  develop  bacterial 
activity.  This  process,  while  one  of  promise,  is  still  in  the  experimental 
and  developmental  stage. 

Chemical  Precipitation. — This  is  an  earlier  process  of  clarification  by 
settling  in  tanks,  combined  with  coagulation  by  chemicals,  usually 
lime.  It  is  no  longer  one  of  the  customary  methods.  A  modification 
is  electrolytic  action,  which  also  has  not  come  into  common  use. 

Disinfection. — The  bacterial  contents  of  sewage  or  sewage 
effluent  may  be  reduced  by  disinfection,  or  entirely  destroyed 
by  sterilization,  with  chemicals.  Generally  hypochlorite  or 
liquid  chlorine  is  used.  Disinfection  of  screened  or  settled 
sewage  may  be  utilized  to  accomplish  a  hmli  <lrgree  of  bacterial 
removal,  either  as  an  emergency  measure,  or  to  avoid  the  cost 
of  more  expensive  installation,  which  may  not  be  as  efficient  where 
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the  destruction  of  the  bacteria  is  the  sole  purpose.  Complete 
destruction  of  the  bacteria  can  be  effected,  when  a  very  high 
standard  Is  necessary,  by  sterilisation  of  the  effluent  as  a  final 
treatment  after  filtration. 

Selection  of  Method  and  Site.— The  oec«Muy  degree  and 
required  nature  of  treatment  and  the  typo  of  plant  best  adapted 
to  accomplish  the  desired  results,  will  depend  in  any  given  in- 
stance upon  wliat  is  required  to  prevent  nuisance  or  contamina- 
tion, as  the  ease  may  be,  and  upon  considerations  of  cost  with 
due  regard  to  physical  requirements  or  limitations  imposed. 
The  degree  and  nature  of  treatment  \\hirh  may  be  required 
varies  greatly;  there  is  a  certain  latitude  in  the  choice  of  type  or 
method  to  secure  a  given  desired  result,  and  the  adaptability 
of  the  various  methods  and  types  of  installation  varies  with 

Studies  Required.— H  therefore  follows  that  before  the  method 
and  type  is  decided  upon  and  the  site  selected,  there  must  be  a 
can-fill  investigation  of  the  various  factors  and  comparative 
studies  of  alternative  methods.  The  following  items  will 
generally  be  included  in  such  an  investigate 

(a)  Character,  quantity  and  condition  of  the  sewage,  the  nature  of 
the  treatment  required,  and  the  extent  to  which  it  should  be  carried  to 

pri-vmt  imi.-ancr  or  n>nt:imiri:itinn. 

(6)  Cost  of  construction,  operation  and  upkeep. 

(r)  Area,  cost  and  availability  of  sites  possessing  the  necessary  physi- 
cal requirement*  of  siie,  available  head  or  fall,  and  topography. 

(</)  Poesil'ilif  v  of  offense  in  the  vicinity  <»f  the  plant. 

(0)  Adaptability  of  immediate  installation  to  possible  future  require- 
ment* as  to  capacity,  or  standards  of  treatment. 

Screening  or  Tankage. — Where  the  object  sought  is  the  n 
ance  of  local  nuisance  in  the  vicinity  of  the  outlet  or  minimisa- 
t  mil  of  general  nuisance  in  the  water  course,  such  as  that  arising 
ii  floating  matter  or  deposits,  either  fine  screening  or  tank 
treatment  will  generally  suffice.  Fine  screening  is  neither  as  ef- 
fective as  tank  tn •atmnit.  nor  as  economical  in  the  small  units 
usually  required  in  industrial  housing  projects.  Adoption  of 
acme  type  of  tank  will  generally  be  indicated. 

One  story  tanks  will  generally  be  used,  unless  there  is  proba- 

I. ill  T\-  th:it  tilt  rat  ion  will  laterberequired.it)  \vln<  h  caseconsidera- 

•  should  be  pv.  n  to  two  story  tanks,  such  as  the  Imhoff 

tank.    The  conditions  under  which  sludge  is  to  be  dispnsod  of 
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will  be  a  further  determining  factor  in  -rlertini:  the  design  of  the 
tank,  as  some  tanks  produce  a  less  offensive  sludge  than  others. 
Proximity  of  the  t;mk  to  dwellings,  the  permanency  of  the  plant, 
and  other  dements  also  must  l>e  considered. 

Filtration. — Removal  of  the  settling  solids  by  fine  screening  or 
in  t  :mks  will  not  suffice  in  cases  where  the  body  of  water  does  not 
have  sufficient  rapacity  to  handle  the  effluent  without  conditions 
of  general  nuisance  obtaining  during  all  or  part  of  the  year,  or 
when  too  severe  a  load  would  be  imposed  upon  the  water  purifi- 
cation plants.  In  such  cases,  a  stable  effluent  will  be  required, 
and  nitration  will  be  necessary.  This  will  generally  lead  to  the 
adoption  of  trickling  filters,  which  being  operated  at  a  higher 
rate  require  less  space  than  either  contact  beds  or  sand  filters. 
If  sufficient  fall  is  available  for  their  operation,  or  if  pumping  must 
in  any  event  be  resorted  to,  the  trickling  filter  will  be  generally 
applicable,  unless  the  site  is  not  sufficiently  removed  from  dwell- 
ings. In  the  latter  case  the  contact  beds  may  be  preferable, 
even  though  costing  more. 

Intermittent  sand  nitration  will  occasionally  be  found  economi- 
cal for  small  installations,  where  land  is  comparatively  cheap  and 
the  proper  quality  of  sand  is  readily  available,  but  the  large  area 
required  and  the  cost  of  construction  will  generally  exclude  this 
type  for  larger  installations.  Where  the  plant  must  be  built  in 
proximity  to  dwellings,  the  contact  bed  may  be  preferred  here 
also,  owing  to  comparative  freedom  from  odors  and  the  fly 
nuisance. 

The  filtration  process  must  be  preceded  by  fine  screening  or 
tank  treatment  and  where  discoloration  or  suspended  matter  is 
to  be  avoided  in  the  water  course,  must  be  followed  by  settling. 
If  a  more  complete  removal  of  organic  matter  and  suspended 
solids  is  necessary  so  as  to  produce  a  very  clear  effluent  of 
liitfh  standard,  secondary  treatment  by  filtration,  followed  by 
final  settling,  may  be  adopted. 

Sterilization. — When  contamination  of  water  supplies  is  a  fac- 
tor, complete  removal  of  bacteria  will  be  necessary.  This  may 
be  practically  accomplished  by  secondary  filtration  and  final 
settling,  but  the  expense  of  such  works  for  this  purpose,  where 
complete  removal  of  the  bacteria  is  the  primary  requirement, 
will  he,  much  greater  than  that  of  sterilization  with  chemicals, 
which  further  will  1x5  more  dependable  and  effective.  There  will 
also  be  cases  where  tank  treatment,  supplemented  by  disinfec- 
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tion,  while  not  producing  a  stable  efflin-m    un«i  not  insuring  the 

romplrfr   IVIi,..\;il   .  ,!    I  li,-    I  .:ir  •  ,-ij:i  ,    will    },l^in<>     U   ,  j'l'j.   '.'     *Ul  h 

will  n.-ith.T  iinjiose  too  heavy  a  burden  uj-.n  the  water  course, 
nor  endanger  water  supplies  which  are  properly  protected  by 


Location.—  The  location  of  sewage  treatment  planu,  particularly 
where  they  include  trickling  filter*,  in  pr<  -  .  1  1<  lmg»  is  to 

beavoided;  in  any  case,  the  plant  slmuM  not  U-  within  /ioo  ft. 
of  property  to  be  used  for  I  .ml.  him  purposes.  It  must  be  borne  in 
mind  tint  there  is  a  popular  prejudice  against  sewage  treatment 
plant*,  and  whether  such  objection*  be  fancied  or  real,  every  effort 
should  Jjc  made  to  isolate  the  plant.  The  depreciation  of  prop- 
erty may  well  offset  the  cost  of  additional  outfall  construction 
necessary  to  reach  a  more  distant  site.  Small  tank  installations, 
properly  screened,  may  be  located,  if  necessary,  within  not  less 
than  500  ft.  of  dwellings,  but  the  possibility  of  nuisance  from 
odors  and  flies  makes  it  advisable  to  locate  trickling  filters  at 
least  1,00'  MI  dwellings. 

The  plant  should  be  designed  in  units  so  as  to  afford  flexibility 
in  operation  and  to  permit  of  extensions  in  the  future.  In  this 
connection  provision  must  be  made  for  throwing  part  of  the  plant 
of  operation  for  repairs  or  alterations,  and  to  take  care  of 
varying  and  flu  <  lit  ions  of  sewage  flow  and  operating 

conditions. 

CONTRACT  PLANS  AND  SPECIFICATIONS 

Contract  Plans.  —  The  contract  plans  should  consists  of  a  gen- 
eral plan  showing  the  location  of  the  system  in  its  entirety,  and 
a  set  of  drawings  of  unit  nun  scale  and  sise,  each  covering  a  sec- 
tion of  a  sewer  in  plan  and  profile.  A  scale  of  40  or  50  ft.  per  inch 
for  horizontal,  and  of  4  or  5  ft.  per  inch  for  vertical  scale, 
is  recommended  for  usual  conditions.  The  stationing  should  be 
carried  across  the  sheet  from  left  to  right  and  should  designate  all 
change*  in  alignment  and  grade. 

The  plans  should  show  the  street  and  curb  lines,  street  car 
tracks,  existing  sub-  s  where  there  is  any  question  of  in- 

terference, the  center  line  of  the  sewer,  the  offset  from  the  curl*. 
and  the  geometry  of  the  alipimoi  -n  the  distorted 

scale,  should  show  the  surface  of  the  ground  on  the  center  line 
of  the  sewer,  and  the  established  or  finished  grades  of  the  street, 
usually  for  convenience,  taken  on  the  urb. 
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Unless  the  character  of  (ho  soil  ran  !><•  easily  determined,  test 
pits  should  be  sunk  alon^  the  line  of  the  srwer  at  intervals  and 
tlie  location  and  rha  material  excavated  should  l.e  >ho\vn 

on  the  contract  plan.  Samples  of  the  materials  excavated  should 
further  be  taken  and  made  available  for  prospective  bidders. 
There  should,  however,  be  a  statement  in  the  contract  to  the  effect 
that  while  t  he  results  of  the  test  pit  excavations  are  furnished  for 
informal  ion,  the  owner  does  not  guarantee  the  actual  conditions  to 
be  as  shown  on  the  plans. 

The  contract  plans  should  further  show  in  profile  the  flow  and 
invert  line  of  the  sewer,  location  of  manholes,  the  elevations  on 
the  invert  of  the  sewer,  particularly  at  grade  points,  and  at 
manholes;  also  the  elevation  at  which  the  casting  of  manhole 
eovere  is  to  be  set.  The  location  and  elevation  of  connecting 
sewers  should  likewise  be  shown,  while  location  of  the  "Y's"  for 
house  connections  need  be  shown  in  plan  only,  and  likewise 
catch  basin  and  storm  inlet  connections. 

The  size  of  the  sewer  to  be  constructed  should  be  plainly  in- 
dicated and  any  special  or  incidental  construction  noted  on 
the  contract  plans,  and  unless  covered  clearly  and  fully  in  the 
specifications,  the  method  of  paying  for  such  accessory  or  addi- 
tional work,  should  be  indicated  in  plain  terms  on  the  contract 
plans.  Such  items  will  include  railroad  crossings,  special  founda- 
tions, removal  of  existing  and  obstructing  surface  or  subsurface 
structures,  and  any  other  work  not  implicitly  included  in  the  work 
to  be  done  and  the  materials  furnished  per  lineal  foot  of  sewer, 
which  is  the  usual  basis  of  measurement  for  payment. 

The  location  of  all  catch  basins,  storm  inlets,  manholes  and 
appurtenant  structures  should  be  shown  likewise  in  plan.  It  is 
also  usual  to  show  the  type  of  pavement  if  there  be  an  existing 
pavement  to  be  removed  and  replaced. 

Where  there  is  participation  by  municipalities,  or  where  the 
cost  is  to  be  assessed  upon  the  abutting  property  owners,  the 
contract  plans  should  be  drawn  in  conformity  with  existing 
regulations. 

Care  should  be  exercised  in  the  completeness  and  accuracy  of 
the  preparation  of  contract  plans,  with  a  view  of  their  later 
utilization  as  record  plans,  after  having  incorporated  such 
changes  as  have  been  made  in  actual  construction. 

Specifications. — Materials  of  Construction. — Terra  cotta  pipe 
is  used  for  all  diameters  up  to  30  inches.  The  standard  sizes 
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are  as  follows:  5-in.,  G-in.,  8-in.,   10-in  18-in., 

20-in.,   24-in.,    L  Uiere  36-in. 

terra  cotta  pipe  in  um*l  it  U  usual  to  protect  it  with  a  roinforee- 
meat  of  concrete,  unlww  there  is  little  probability  of  damage  by 
trail. 

K«  inferred  concrete  pipe  is  used  for  sections  of  24  in.  or  larger 
in..  l.irly  sises  in  excess  of  30  in.  Such  pipe  may 

be  made  on  the  sit<»  <>f  tin-  work  where  the  sisc  of  the  job  war- 
rants, or  may  be  shipped  from  the  place  of  manufacture.  Mono- 
litli:  rote  or  l.rirk  masonry  con.stnirtion  is  also  used  for 

diameter*  in  excess  of  30  inches.    Su« •!»  •  ••:.-•  ru-  'ion  is  neces- 
sary where  rrinfnrrrd  pipe  of  required  diameter  and 
ns  cannot  be  obtained  at  reasonable  cost. 
Scgmontal  terracotta  M«.«-k  is  also  used  for  large  sises. 

General  Outline. — The  specifications  should  clearly  and  defi- 
nitely state  the  reqtiin  m<  nts  and  dimensions  for  ea<-h  tyj»e  of 
sewer  and  kind  of  const  nnti<,n.  In  cadi  rase  there  should  be 
sections  relating  to  the  wotk  included  in  the  contract  pri«  <•,  and 
gpe<  is  for  the  materials,  workmanship,  construct 

incidental  work,  testing,  m-  asurement  and  pa>Tiient.  \Vh«-n  the 
k  is  to  be  performed  on  the  fixed  price  basis,  there  should  be 
a  definite  division  of  the  contract  into  items  of  work,  so  that 
measurement  and  payment  may  be  simplified.  Ordinary  items 
will  be  included  for  the  follow 

Dishing  materials  and  laying  or  constructing  each  sise  and  type 
of  sewer;  price  per  lineal  f<  < 

Excavation  and  backfilling;  price  per  culm  yard;  (sometime*  included 
in  the  price  bid  f<>r  laying  the  sewer). 

House  connections;  price  per  lineal  f<x>t  including  specials. 

Additional  branches  or  specials;  price  for  nidi. 

Manholes,  catch  basins,  and  other  appurtenances;  price  for  each. 

Sewer  castings;  price  per  pound. 

Special  foundations;  price  dependent  on  type  of  const  run  inn. 

Street  repaying;  price  per  square  yard. 

Sheeting  and  bracing  left  in  place  when  order. -d  l»y  owner;  price  per 
U.M. 

8pr<  ,  as  railroad  crossings,  tunnel  construction,  junction 

chambers,  etc.;  price  either  lump  sum  or  unit. 

The  spe-  D  "ill  IM-  simplified  by  the  indu.-; 

clauses  « Bering  materials  and  construction  included  in  the 
several  items. 


CHAPTER  VIII 
COLLECTION  AND  DISPOSAL  OF  TOWN  WASTES 

CLASSIFICATION,  CHARACTER  AND  QUANTITIES  or  MUNICIPAL 
WASTES — METHODS  OP  COLLECTION — FINAL  DISPOSAL  OF 
WASTES — SUMMARY  AND  CONCLUSIONS 

Introduction. — Considering  all  of  the  factors  attending  the 
problem  of  location,  construction,  housing  and  administration 
of  an  industrial  or  residential  community  or  town,  the  problem 
of  final  disposal  of  all  the  worthless  and  dangerous  material  that  is 
produced  is  one  of  considerable  importance  and  should  receive 
careful  consideration. 

The  question  as  to  the  effect  upon  the  health  of  the  public, 
caused  by  imperfect  methods  of  collection  of  garbage  and  re- 
fuse, is  one  that  has  been  frequently  debated,  and  is  still  an 
open  problem  to  be  solved  in  many  of  its  aspects.  But  there 
can  be  no  doubt  that  the  comfort,  convenience  and  happiness 
of  any  community  depends  to  a  large  extent  upon  the  removal 
of  worthless,  and  exhausted  matter.  These  have  little  or  no 
value  in  themselves,  but  by  accumulation  become  annoying  and 
offensive  and,  if  allowed  to  remain  in  the  household,  may 
become  positively  threatening  and  dangerous  to  health. 

This  subject  is  presented  with  reference  to  the  requirements  of 
industrial  and  residential  towns,  but  the  compilation  and  classi- 
fication figures  of  quantities,  costs  and  other  factors  may  apply 
equally  well  to  the  larger  settled  municipalities  of  the  third  and 
fourth  classes  of  population,  where  this  question  is  one  for  present 
or  future  consideration. 

CLASSIFICATION,  CHARACTER  AND  QUANTITIES  OF  MUNICIPAL 

WASTES 

For  the  purpose  of  this  inquiry  there  are  five  classes  of  wastes 
to  be  dealt  with.  These  are:  Garbage,  Rubbish,  Refuse,  Ashes, 
and  Street  Sweepings. 

Garbage. — Garbage  consists  of  waste  of  vegetable  and  animal 
origin,  resulting  from  the  manufacture  or  preparation  of  human 
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food  in  houfieholds,  and  from  public  and  private  building*.  It  » 
putre0cible  in  character,  being  composed  of  organic  substances 
\\iiirh  |M .runt  decay  and  fermentation,  more  or  leas  rapid  accord- 
ing to  surrounding  conditions. 

TABUI  34.— CoMroamoN  or  AVK&AGB  GAKBAGE  A*  COLLECTED 
Motaure  contained,  nml  free  w»trr  70  per 

-.  vegetable  and  mutual  24  per 

Booea,  greaae  and  fat-  ; 


. 

Average  weight  per  cubic 
Average  weight  per  cubic  yiml 
Quantity  per  capita  per  day . . . 


100  per 

46  to  50  pound* 

1,250  to 
04  to  0  5 
0.7  toO 


TABLK  35. — MOMTVLT    VARIATION*.  IN  PKRCBNTAasa,  or  GAEBAGE  Pao- 

i)  ANNUALLY* 
(Data  from  Two  Large  Cities) 


'!:  •.•:'•/ 

YJ 

January  .  . 

.3 

5.7 

February 

2 

3.7 

March... 

.2 

5.2 

April 

.9 

7.7 

Mag 

.8 

8.1 

.1 

8.7 

July 

12  4 

0.2 

August.... 

12  1 

10.  ft 

September 

13  8 

12  5 

October 

8.2 

11  :i 

November  

7.5 

0.2 

December 

7.5 

8.1 

Tot.-.l 

100.0 

100  0 

KATHEMTON:  Proc.  2nd  Pan-Am.  8c.  Cong.  1915-1016. 

figures  in  the  two  tables  above  represent  the  character  and 
quantities  of  northern  communities  under  normal  conditions. 
Due  allowance  must  be  made  for  exceptional  conditions. 

Rubbish. — This  comprises  the  discarded  and  worn-out  articles 
and  11  rom  households,  including  paper  of  all  grades,  rags, 

wood,  boxes,  mattresses,  broken  furniture,  shoes,  tin  cans,  metal 

16 
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scraps,  bottles  or  glass,  etc.  The  largest  proportion  is  combus- 
tible anil  when  lnmird  in  irn-innat in^  plum  tin-  place  of 
considerable  amounts  of  <»1  lin  fuel.  As  rubbi>li  may  contain  the 
germs  of  certain  diseases,  it  should  be  destroyed  or  carefully 
sorted  under  sanitary  conditions. 

Revenue  may  be  obtained  fr<»m  tin-  sale  of  in:irkrt;iMe  por- 
tions. \\hrn  tin  quantities  are  large  enough  to  repay  costs  of 
sorting  and  baling. 

Rubbish  varies  in  weight,  as  affected  by  local  conditions.  Tin- 
'.m«>  \\right  per  ml>i<  y.-ml  in  Boston  is  160  pounds;  in  N«-w 
York,  143  pounds;  in  Buffalo,  215  pounds;  in  Chicago  and  Mil- 
waukee about  175  pounds.  The  average  weight  is  thus  six  to 
seven  pounds  per  cubic  foot. 

Technical  analyses  of  rubbish  have  been  made  in  several  of  t  he 
larger  cities,  with  varying  results.  The  following  table,  com- 
piled from  the  Boston  Refuse  Station  figures,  represents  the 
percentage  of  marketable  parts  in  that  city  in  1906. 

TABLE  36. — PERCE.VIAOL  OF  SALEABLI   PORTIONS  IN  ONE  HUNDRED  PARTS 
OP  REFUSE  COLLECTIONS' 

Paper,  six  different  grades 74 . 5 

Rags,  clothing,  ImgRinK,  twine 12.2 

Carpets,  four  grades 3.3 

Bottles,  common  and  proprietary 2.5 

Metals,  iron,  brass,  lead  and  zinc J    1 

Tin,  all  sizes  and  kinds ...  1.4 

Leather,  shoes  and  scraps 1.9 

Hubhor,  shoes,  hose  and  mats 0.2 

Barn-Is,    whole 1.4 

Other  material 0 . 5 

100.0 

Refuse. — The  refuse  produced  in  factories  and  ni.inui.K  tmirm 
buildings  comprises  many  kinds  of  worthless  matters  and  does  not 
usually  come  under  the  charge  or  control  of  municipalities,  un- 
less there  be  nuisance  or  complaints  caused  by  imperfect  methods 
of  disposal,  offensive  to  the  public.  When  these  wastes  are  liquid 
or  semi-liquid  in  diameter,  or  of  large  volumes,  their  disposal  is  a 
matter  for  attention  of  Health  Boards  under  the  laws  of  the  State. 
As  a  rule  all  refuse  matters  from  private  trade  and  manufacturing 
companies  are  disposed  of  at  the  plant  where  accumulated  and  at 

1  MORSE:  Collection  and  Disposal  of  Municipal  Waste. 


,     t.\/; 


.  n?  TOWN   II'ASTBS       243 


the  expense  of  the  company.     Wh  m  the  town 

lispoaaJ,  many  forma  of  trade  waste  are  desliojod  by 
arrangement  with  th«  tn\\n 

Ashes.  -Thin  ia  the  fuel  waaje  from  housea  where  wood,  coke 
or  ooaJ  ia  uaed,  and  does  not  im-lude  ashes  from  steam  boilera 
i to  manufacturing  plants.  Ashes  usually  contain  some 
un!.iM-!H«d  coal,  besides  cinders,  slag  and  dust.  It  ia  inorgjt 
and  not  offensive  in  handling  except  for  fine  .lu-r .  It  generally 
can  be  allowed  to  arruinnl.it.  without  nuisance,  if  stored  with 
care,  and  removed  K*H  frequently  than  garbage  or  rubbish. 

The  weight  of  ashes  per  <  uhi<  yard  varies  according  to  local 
conditions  from  i  <>:>n  |,.,MniU  to  1,350  pound*.  This  ia  from 
40  to  50  pounda  per  cubic  f<  >• 

Street  Sweepings.— Tin-  r  Iran  ing  of  the  streets  of  a  town  is  not 
usually  con*i<l<n<l  i  H>H  with  waste  collect  ion,  but  there 

may  be  instances  where  atreet  sweepings  and  refuse  can  profit- 
ably be  made  a  part  of  the  general  <  a  and  disposal 
system.  Sweepings  in<  lu<i<  all  kinds  of  miscellaneous  matters 
that  cannot  be  carried  off  by  the  sewers.  They  will  average  50 
per  cent,  of  sand,  dirt,  powdered  stone  and  practically  50  per 
cent,  of  manure  and  horse  droppings  and  other  organic  refuse, 
although  the  latter  is  becoming  leas  with  the  growth  in  use  of 
automobiles. 

TABLE  37. — CHEMICAL  ANALYSES  or  DRY  COMPOSITE  SAMPLES  or  GAA- 

:ruiH8H  AND  CINDERS' 
(In  Percentages  by  Weight) 


CoMtHoMHi 

QarbMi 

i:  i  •   ••. 

0— 

Carbon 
HvuroKrn  ••••••          
Nitrogen 

tayyn 

Sihr.-v 

43.0 
62 

27.7 
7  6 

42  4 
60 

33  5 
6  5 

M  : 

0.8 
06 
24 

.11  n 

Iron  oxide  ami  aluniin.'i 
Lime 

04 
4  3 

20 
2  3 

0.0 

1  J 

Ifaflttsis 

Trace 

; 

Carbonic  acid. 
Lead. 

06 

»•    J 

0  5 

VolM» 

^   MW» 

Trace 

BdUridsj 

Trace 

Trace 

Alkali  !in.l  BsdtftSNi 

45 

03 

Mow:  Collection  and  Disposal  of  M 


2-14 


i \ Di' sr HIM. 


When  dried  in  fine  weather  and  tak< -n  up  by  the  wind,  street 
sweepings  are  a  nuisance  to  the  public  and  a  positive  injury  to 
health  and  property.  It  is  claimed  that  the  increase  in  catarrhal 
diseases  at  such  times  is  noticeably  above  the  average.  Sweep- 
ings have  some  value  for  land  fertilization  where  the  cost  of  trans- 
portation is  not  too  great;  the  value  is  now  decreasing  with  the 
lessened  use  of  horses. 


£      *      I     4 

Fio.  38. — Monthly  variations  in  the  quantity  of  various  municipal  wastes. 

Trade  refuse  from  building  operations,  earth  excavations,  de- 
bris from  buildings,  or  other  construction  work,  is  not  a  part  of 
the  municipal  obligation,  but  should  be  disposed  of  at  the  expense 
of  the  constructor. 

Chemical  Composition. — A  chemical  analysis  of  dry  samples 
of  the  three  classes  of  waste  is  given  in  Table  37.. 

Quantities. — The  quantities  of  all  wastes  vary  with  the  char- 
acter of  population  and  the  use  of  solid  6r  gaseous  fuels.  Where 
the  heating  is  by  natural  gas  or  cooking  by  this  or  artificial  gas 
in  summer,  the  quantity  of  rubbish  is  correspondingly  greater. 
In  towns  using  natural  gas,  the  volume  of  rubbish  far  exceeds 
the  garbage  and  is  of  greater  weight. 

There  is  also  a  wide  variation  in  quantity  during  the  year, 
due  to  seasonal  changes.  The  monthly  variations,  by  percent- 
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ages  of  the  different  nlsssns  of  household  wastes,  with  sub- 
ons  of  the  nlsmrsi  is  shown  in  Pig.  88.    This  is  for  a 
northern  city  with  a  population  of  90,000. 

The  quantities  of  street  sweepings  depend  upon  the  character 

of  the  streets  and  roads.    From  the  usual  street  or  din  road, 

•lied,  the  quantity  is  largest,  and  less  from 

k  paved  and  macadamised  or  asphalt  pavings.    The 

ing  use  of  auto  vehicles  reduces  the  amounts  of  street 

Tree  leaves,  branches  and  garden  refuse  sometimes  form  a  part 

of  this  waste.    The  approximate  weight  of  street  sweeping*  is 

from  1,000  to  1,250  Ita.  per  cubic  yard,  an  average  cart-load, 

A.-mhniK  1,500  pounds. 

METHODS  OP  COLLECTION 

Location  of  Disposal  Station.— The  means  of  collection  of  the 
various  classes  of  wastes  are  governed  somewhat  by  other  factors. 
Location  of  proposed  disposal  or  loading  station;  routes  of  travel 
in  town  roads;  proximity  to  that  section  of  the  town  of  least 
property  value;  and  location  with  reference  to  possible  present 
or  future  manufacturing  or  industrial  plants,  are  all  factors 
which  come  into  consideration. 

The  general  layout  of  the  town  should  include  a  location  for  a 
waste  disposal  plant,  where  the  largest  number  of  useful  purposes 
can  be  served.     II   •••<*,  when  this  point  is  fixed,  the  coll. 
in. -thuds  should  be  made  to  conform  to  the  necessary  conditions 
with  the  least  expenditure  of  time  and  money. 

Separate  or  Combined  Collection. — The  method  of  collection 
adopted  will  depend  somewhat  upon  conditions  that  cannot  be 
definitely  determined  in  advance.  The  general  layout  of  streets 
and  roads,  distances  to  be  traveled  in  transportation,  location 
of  place  of  final  disposition,  general  character  of  population,  dis- 
position methods  by  one  or  another  of  the  four  different  systems, 
th«-  i -nances  for  recovery  and  sale  of  marketable  portions,  and 
the  possibility  of  heat  utilization  from  incineration  methods  are 
all  factors  which  enter  into  the  question  of  collection.  The 
best  method  can  only  be  finally  determined  when  definite  infonna- 
tu.n  is  available. 

The  combined  collection  means  the  mixing  of  all  classes  of 
refuse  in  one  load  without  separation.  This  is  possible  only 
\\  IH-M  the  mass  is  to  be  dumped  into  great  pits  or  cavities  for 
filling  ground,  or  when  the  combined  loads  are  to  be  destroyed 
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by  high  temperature  destnietors.  wlm-h  are  ^enenilly  too  costly 
'luipment  and  maintenance.  Another  disposal  of  the 
combined  waste  is  the  com. -van. •<•  l>y  rail,  from  a  central  town 
loading  station,  to  some  point  where  it  can  be  used  for  filling 
ground  without  danger  or  nuisance. 

In  some  larger  <-iii< -s  there  are  three  separations  of  all  house- 
hold waste,  garbage,  rubbish  and  ashes.  Each  separation  must 
have  its  own  particular  form  of  container,  vehicle,  or  wagon, 
and  attendants.  On  occasion  the  use  of  containers  may  be 
interchanged. 

When  garbage  is  separately  collected,  it  is  kept  apart  from 
other  wastes,  deposited  in  cans  of  capacity  of  5  to  10  gal.,  and 
removed  as  required  by  the  final  means  of  disposition.  When 
the  garbage  is  to  be  fed  to  animals  there  must  be  particular 
care  to  exclude  all  forms  of  waste  that  may  be  objectionable  or 
deleterious,  such  as  medicines,  'strong  cleansing  compounds, 
fine  glass  or  bottles,  and  some  kinds  of  food  waste  that  decay 
and  ferment  rapidly.  The  burden  is  upon  the  housewife  whose 
assistance  in  this  method  is  absolutely  necessary.  In  a  similar 
manner  when  the  garbage  is  to  be  disposed  of  by  the  reduction 
process,  the  same  precaution  must  bo  taken. 

When  the  final  disposal  is  to  be  made  by  incineration,  there 
can  be  a  mixture  of  garbage  and  small  quantities  of  combustible 
refuse  in  one  can,  but  the  amount  must  be  limited.  After  the 
preliminary  draining  of  the  surplus  water,  there  is  an  advantage 
in  using  paper  wrapping  before  putting  into  the  cans.  This 
prevents  the  fly  nuisance,  keeps  the  cans  clean,  and  makes  a 
better  and  quicker  collection  service.  Here  again  the  housewife 
must  cooperate  for  the  general  benefit  of  all. 

Garbage  Collection. — As  a  general  rule  the  garbage  is  collected 
separately  from  ashes  and  rubbish.  A  one-horse  cart  or  small 
motor  truck  of  lj£  cu.  yd.  capacity  is  in  common  use.  This  type 
of  vehicle  is  of  greater  service  for  all  general  purposes  of  collection 
and  for  the  use  also  by  other  departments  of  the  town  for  collec- 
tion of  street  sweepings  and  other  general  material. 

The  usual  form  is  a  steel  body  with  sloping  end,  placed  on 
a  frame.  This  is  mounted  on  a  pair  of  wheels,  which  permits 
easy  dumping,  and  covered  with  a  sectional  sheet  iron  cover. 
The  weight  of  the  cart  is  approximately  1,400  Ib.  and  assum- 
ing that  the  average  weight  of  garbage  when  separately 
collected  is  1,250  Ib.  per  cu.  yd.,  the  total  weight  of  a  completely 
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filled  cart  would  bo  3,300  Ib.    On  level  ground  this  load  can  be 
easily  hauled  by  one  home  and  the  cart  loaded  by  one  man. 

Rubbish  Collection.— It  is  difficult  to  make  a  collection  of 

rubbish  and  garbage  in  the  same  cart  or  tru<  k.    The  great 

time  of  rubbish  occupies  so  large  a  space  that  the  garbage 

has  very  limited  room.    In  some  localities  a  longer  body  is  used 

and  a  division  made  for  garbage  and  refuse.    But  this  is  not  a 

!>!<•  method  of  handling. 

in.-fli...|  of  collecting  is  by  a  wagon  especially 
ada  the  porpOM,  about  H)  ft.  long  and  of  the  usual  width, 

uitli  high  latticed  sides,  giving  a  capacity  of  from  5  to  7  cu. 
'••  '.•!.     This  is  easily  handled  and  loaded  by  one  man.     It 
v  be  discharged  by  special  devices,  such  as  a  chain  or  rope 
I -mg  placed  on  the  bottom  of  the  wagon,  which  is  attached 
to  an  overhead  support,  and  when  the  team  is  started  up  the 
whole  load  is  completely  rolled  out  of  the  wagon. 

Ash  Collection. — In  most  places  it  is  usual  to  use  a  type  of 
rubbish  cart  with  dosed  aides  for  the  coll»-<  tion  of  ashes.  One 
objection  to  its  use  is  the  great  height  to  which  the  can  must  be 
lifted  for  emptying  into  the  cart.  The  strain  upon  the  collector 
is  too  severe  to  secure  economical  service. 

A  double  horse  wagon  of  the  type  described  for  garbage,  but 
of  a  capacity  of  3  cu.  yd.,  or  motor  truck,  is  more  economical 
for  :^\\  eolleetion.  All  ash  wagons  should  be  provided  with 
covers  to  prevent  fine  ash  and  dust  from  being  blown  out. 

Can  System. — In  some  of  the  higher  class  residential  towns 
the  garbage  collection,  mixed  with  the  rubbish,  is  done  by  what 
is  known  as  the  can  system.  Each  householder  is  required  to 
produce  and  keep  in  a  convenient  place  a  can  of  about  ten  g*lk»»« 
capacity,  with  a  tight-fitting  cover,  into  which  all  garbage  and 
a  large  portion  of  the  combustible  refuse  is  placed.  The  town 
provides  double-deck  wagons,  each  having  a  capacity  of  about 
seventy-two  cans,  and  attended  by  one  man.  The  can  is  re- 
moved from  the  household,  placed  on  the  wagon,  and  another 
clean,  sterilized  can  put  in  its  place. 

The  advantage  of  this  method  is  the  almost  complete  elimina- 
tion  of  (lies  and  odors,  and,  if  the. garbage  is  wrapped  in  paper 
the  purpose  of  incineration,  there  is  very  great  saving  in 
time  and  fuel  in  the  process  of  incineration.  In  a  town  of  8,000 
people  where  this  method  has  been  in  use  for  some  years,  and 
where  the  character  of  the  population  is  entirely  residential, 
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without    any  factories    it    has  been   found  entirely  serviceable. 
Tin-  -is  an-  made  once  a  week  in  winter  and  twice  a 

week  in  summer,  except  for  hotels  and  hospitals,  where  collec- 
tions are  made  daily. 

Contract  versus  Municipal  Service. — There  are  four  systems 
of  collection,  each  of  which  h:is  certain  advantages  in  point  of 
cheapness,  but  all  of  which  are  not  of  equal  value  from  a  sanit  ap- 
point of  view. 

Individual  Service. — By  this  system  every  householder  takes 
care  of  his  own  waste  in  his  own  way,  with  the  least  possible 
trouble  and  cost;  with  no  responsibility  for  after  results,  and 
with  the  only  purpose  of  getting  it  off  his  premises  in  the  sh< 
time  possible.  When  the  accumulation  is  so  great  as  to  become 
troublesome,  a  cartman  is  hired  to  take  away  the  wastes. 

The  rubbish  is  cleared  .away  in  the  annual  spring  cleaning, 
and  from  time  to  time  as  required.  Inorganic  matter  is  cleared 
away  as  accumulation  requires.  The  retention  of  refuse  until 
it  becomes  objectionable  or  offensive  results  in  a  greater  expendi- 
ture when  it  is  finally  removed  than  if  it  were  done  by  regulation 
of  the  town  authorities. 

License  System. — In  this  case  a  number  of  cartmen  are  licensed 
to  make  the  collections,  upon  payment  of  a  small  registration 
fee  to  the  town.  A  route  is  established  and  a  certain  number  of 
patrons  are  secured  who  are  fairly  well  looked  after.  The  dump- 
ing or  final  disposal  of  the  refuse  must  be  upon  the  collector's 
property,  or  at  a  place  which  is  designated  by  the  town. 

The  advantage  is  that  the  collectors,  being  known,  can  be 
detected  if  there  is  any  infringement  on  sanitary  regulations. 
But  there  is  no  remedy  for  the  complaints  of  the  householder, 
on  the  score  of  infrequent  or  bad  collection  service,  or  overcharge 
for  the  work.  The  cost  as  a  rule  is  more  than  double  the  amount 
that  would  be  paid  by  the  town  if  it  were  done  under  the 
municipal  methods  of  collection. 

Contract  System. — On  this  basis  the  city  advertises  for  bids  for 
collection  of  the  whole  or  a  part  of  the  waste.  This  is  a  most 
convenient  way  for  the  authorities  and  an  improvement  over 
the  license  system,  but  it  has  some  disadvantages  and  as  a  whole 
is  less  satisfactory  than  a  municipal  method.  The  contractor  is 
often  compelled  by  competition  to  accept  the  work  at  too  small 
a  margin  of  profit;  thus  he  gives  poor  service  and  causes  endless 
complaints. 
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The  equipment  and  employee*  are  not  always  of  the  highest 
class.  The  contract  i*  usually  for  a  short  period.  There  it 
limited  respon  I>ose  to  do  as  little  as  possible 

at  the  smallest  cost  frequently  prevails.  There  must  be  main- 
tained a  vigilant  oversight  by  the  city  authorities,  and  frequent 
inspections  of  the  equipment,  methods  of  work  and  of  the  final 
disposal  of  the  waste. 

The  householder  benefits  by  a  systematic  collection  at  a  some- 
what lower  cost,  and  if  t  ho  work  is  done  in  a  satisfactory  manner, 
is  relieved  of  a  burden  which  it  is  often  unwilling  to 
accept.  This  is  the  system  employed  by  a  large  number  of 
municipalities,  and  may  be  said  to  be  a  typical  American  system 
•lection. 

Municipal  Strvict.—ln  this  case  the  city  provides  and  main- 
tains its  own  equipment  and  employees.  This  is  usually  at  a 
somewhat  greater  cost  than  by  the  contract  system,  but,  by 
efficient  superintendence .  the  results  are  far  more  satisfactory. 
The  responsibility  is  upon  the  city's  designated  official,  and  by 
him  diMiilxitcd  through  his  associates,  so  that  poor  work  can 
be  noted  and  corrected  without  loss  of  time.  The  equipment 
and  employees  may  also  be  used  in  other  departments  of  the 
municipal  service,  thus  dividing  the  expense.  The  whole  force, 
with  a  good  executive,  if  kept  from  political  interference,  can  be 
brought  to  a  high  state  of  efficiency  and  will  take  pride  in  the 
work. 

The  growth  of  municipal  service  in  the  collection  of  wastes  is 
narked  in  the  past  five  years, due,  perhaps,  to  the  commis- 
sion form  of  city  government.  The  work  has  thus  been  kept 
more  free  from  political  control,  and  more  directly  under  the 
observation  of  the  mmmissinnrr  in  charge. 

Comparative  Cost. — The  data,  for  tabulating  the  relative  costs 
of  collection  service  by  one  or  the  other  methods  referred  to,  is 
difficult  to  obtain  and  not  always  reliable.  A  comparison  was 
made  some  years  ago  concerning  the  cost  of  garbage  collections  by 
the  contract  and  by  municipal  service.  In  15  cities  of  the  first, 
second  and  third  classes,  this  cost  by  contract  was  twenty  cents 
apita  per  annum;  in  15  cities  of  the  same  clissce,  with 
the  same  population,  where  the  collections  were 
made  by  municipal  service,  the  cost  was  twenty-five  to  thirty 
cents  per  capita  per  annum.  These  should  now  be  revised, 
owing  to  increased  prices  of  labor  and  material,  and  the  figures 
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should  probably  be  thirty-five  to  forty  eents  for  contract  and 
forty-five  to  fifty  cents  for  municipal  sen 

FINAL  DISPOSAL  OF  WASTES 

Whatever  method  may  !>»•  ultimately  adopted  by  the  town  for 
collection  of  waste,  tin-  matter  of  final  disposition  should  r 
careful  consideration  at  the  same  time,  as  each  affects  the  other. 
A  t  horough  and  accurate  study  should  be  made  of  all  local  condi- 
tions in  each  individual  case.  The  fact  that  there  is  a  rout  inual 
agitation  in  a  large  number  of  municipalities  and  communities 
for  a  more  economical,  definite  and  better  method  of  waste 
disposal,  emphasizes  the  need  of  more  care  and  foresight. 

The  government  reports  for  1919  show  that  22  per  cent,  of  all 
third  class  cities  and  towns  in  Pennsylvania  were  contemplating 
changes  in  their  methods  of  garbage  disposal.  This  whole 
problem  of  collection  and  waste  disposal  should  be  treated  as  an 
engineering  question  like  other  municipal  subjects,  such  as  water, 
sewerage,  lighting,  etc.,  and  not  merely  as  a  minor  item  in  the 
administration  of  the  local  health  department. 

There  are  four  means  of  final  disposal  in  use,  each  of  which 
have  certain  advantages,  not  belonging  to  the  others;  but  also 
certain  unfavorable  conditions  are  unavoidable.  These  methods 
are:  Earth  Burial,  Feeding  to  Animals,  Reduction,  for  obtaining 
by-products,  and  Incineration,  complete  or  in  part.  The  last 
is  generally  applicable  to  all  classes  of  waste,  but  the  others  to 
the  disposal  of  garbage  only. 

Earth  Burial. — This  method  is  used  when  a  community  has  at 
its  command  an  area  of  ground  sufficient  to  receive  its  putrescible 
waste  for  a  period  of  years.  It  is  buried,  left  to  be  oxidized  and 
composted  by  earth  covering.  In  this  case  a  series  of  shallow 
pits,  or  trenches,  from  18  in.  to  2  ft.  deep  and  about  5  to  6  ft.  wide, 
are  excavated,  preferably  on  a  side  hill.  The  garbage  is  dumped 
and  thinly  spread,  to  an  average  depth  of  about  6  in.,  and  covered 
with  the  earth  of  the  excavation  of  the  preceding  day.  This 
process  is  repeated  from  day  to  day,  and  requires  a  very  consider- 
able extent  of  ground,  since  it  takes  from  nine  to  twenty-four 
months  for  the  soil  to  oxidize  and  assimilate  the  waste  before 
it  can  be  again  used. 

It  is  not  economical  to  employ  this  method  unless  there  is  a 
wide  area  of  unoccupied  ground  not  suitable  for  residences,  and 
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dual.l.-  i'..r  farming.     It  i>  the  cheapest  form  of  disposal 

and,  by  care  and  overaigbt  in  regulating  the  dumping  and  cover- 

in«,  it  can  be  made  entirely  amnitary.    The  disadvantage  in  that 

•••a.s..n  it  iii  difficult  to  make  excavation  and  provide 

necessary  earth  f<  nig.    Alao  this  method  does  not  admit 

of  any  admixture  of  rubbish,  since  this  does  not  decay  to  readily 

and  <•  •  upicH  more  room  than  garbage.    Burial  is  one  of  the 

•  >ds  to  be  considered  when  cheapness  of  disposition  is  under 

ooosldsjnatioit 

Feeding  to  Animals,— At  the  outbreak  of  the  War,  the  I 
States  Government  found  that  its  food  supply  was  entirely 
inadc<!  r  the  maintenance  of  its  own  troops  and  for  export 

to  tin-  allied  armies.  Thus  a  call  was  sent  out  urging  the  feeding 
of  garbage  to  hogsy  in  cases  where  it  would  not  interfere  with 
!  comfort  and  health  of  ?!..-  people.  The  result  was  that  a 
large  numl»er  of  persons  introdueed  individual  hog  feeding  on 
own  premises,  without  regard  to  the  existing  ordinances 
against  this  practice  in  communities.  "  Pigs  for  Patriotism  and 
Profit",  became  a  fad  and  fashion  that  lasted  only  through  one  ex- 
periment for  individuals.  Bur  it  had  the  ad  vantage  of  demonstrat- 
was  a  very  great  waste  of  food  in  households  and 
that  t In- re  is  some  value  in  garbage  when  collected  under  regula- 
tions and  fed  to  swine  under  observant  and  sanitary  control. 
Many  towns  contracted  with  individuals  for  the  disposal  of  the 
garbage  by  this  method,  and  some  of  the  largest  cities  of  the 
count  ry  have  instituted  hog  feeding  on  a  scale  which  demands  the 
expenditure  of  large  sums  for  ground,  buildings,  and  operating 
expenses, 

There  is  an  undoubted  value  in  separated  garbage,  but  it 
implies  additional  trouN,  to  the  householder,  in  that  it  must 
1  - •  kept  apart  from  all  foreign  substances  and  delivered  at  regular, 
stated  intervals  before  fermentation  has  set  in.  A  town  may 
establish,  through  the  agency  of  a  private  contractor,  a  hog 
feeding  farm  and  by  this  method  receive  a  return  for  the  separated 
garbage,  which  can  be  used  to  defray  at  least  a  part  of  the  other 
expenses  of  collection  and  disposal.  When  the  garbage  is  sold 
by  a  town  for  feeding,  there  should  be  a  definite  understanding, 
as  a  part  of  the  contract,  as  to  the  methods  of  handling  and 
feeding,  care  of  hogs  ami  prevention  of  disease,  and  sanitation 
in  building  construction  and  ^rounds.  All  of  these  points  were 
urged  and  enforced  l>y  t  he  United  States  Government  and  should 
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now  be  followed  in  all  communities  where  garbage  is  sold  or 
given  for  feeding. 

Prices  for  garbage  depend  almost  entirely  upon  local  r<>n<  lit  ions. 
In  three  of  the  largest  cities  the  price  paid  per  ton  is  about  eight 
t  lines  t  he  market  price  per  pound  for  hogs  on  the  hoof  in  Chicago. 
This  represents  about  $1.30  per  ton.  In  other  cities  the  pri« 
paid  is  from  fifty  to  sixty  cents  per  ton  for  separated,  clean  gar- 
bage. Many  of  the  New  England  towns  receive  a  very  consider- 
able sum  from  the  sale  of  garbage,  at  prices  running  from  $0.50 
to  $1.10  per  ton.  The  latest  government  report  shows  that  the 
prices  paid  by  contractors  during  the  last  year  of  the  War  for 
the  garbage  from  the  camps  and  cantonments  was  about  one 
eent  per  pound.  This  was  unusual  and  was  due  to  the  better 
quality  and  cleaner  condition  of  the  garbage. 

In  considering  disposal  methods  for  any  community,  Img 
feeding  should  be  considered;  but  in  general  there  should  be 
five  to  eight  tons  per  day  to  make  this  method  worth  while  from 
a  financial  standpoint. 

Reduction. — This  is  the  treatment  of  separated  garbage  by 
steam  in  closed  tanks,  for  the  separation  of  the  vegetable  and 
animal  oils  and  fats,  and  the  recovery  in  a  dry  condition  of  the 
residuum  for  use  as  a  constituent  of  fertilizers.  This  process 
to  be  successful,  requires  twenty-five  tons  and  upwards  per  day 
of  clean  garbage  unmixed  with  foreign  substances.  The  great 
expense  for  patented  machinery  and  special  apparatus,  the  cost 
of  upkeep  and  maintenance,  the  fluctuating  prices  for  the  prod- 
ucts, together  with  extreme  liability  for  explosions  and  fires 
from  dangerous  gaseous  compounds,  necessary  for  use,  make  this 
method  beyond  the  reach  of  any  except  the  larger  cities  of  the 
country,  or  those  having  a  population  of  50,000  or  more. 

With  few  exceptions  all  of  the  reduction  plants  of  the  country 
are  owned  or  controlled  by  strong  combinations  of  capital,  and 
carried  on  as  a  private  business  investment.  The  experimental 
smaller  plants  for  towns  of  the  third  and  fourth  classes  have  not 
been  found  satisfactory.  In  the  case  of  the  industrial  or  smaller 
residential  communities,  this  process  is  regarded  as  too  expensive 
for  consideration. 

Incineration. — There  is  no  form  of  refuse  material  that  fire 
will  consume  that  cannot  be  destroyed  in  properly  designed  and 
well  operated  incinerating  furnaces  with  economy  of  fuel  and 
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labor  and  with  complete  secondary  combustion  of  smoke  fumes 
and  odors  from  liuniing  HU  balances. 

Hinoe  the  beginning  of  thin  method  (in  1887)  there  have  been 
a  large  number  of  cremator*,  incinerators,  and  destructors, 
patented  or  offered  for  uae  of  municipal  it  it*.  Perfection  in 
design,  economy  in  construction  and  operation,  and  sanitary 
performance  have  been  claimed  for  each.  Many  have  failed 
:irious  reasons,  but  experimental  furnaces  are  still  being 
developed. 

Type  Required. — When  the  final  disposal  of  waste  is  to  be 

iplished  by  incineration    there  should  be  selected  a  type 

whieh  has  a  record  of  successful  use  under  all  conditions.    The 

construction  must   be  durable,   of  the  best  material,  with  a 

capacity  suited  to  present  and  future  conditions. 

The  furnace  must  be  capable  of  destroying  the  whole  output  of 
combustible  matters  and  a  large  proportion  of  ashes  and  street 
sweepings,  if  required,  in  a  given  time,  with  the  utmost  economy 
of  fuel  and  labor  and  without  causing  offensive  smoke,  odors 
or  fumes  of  combustion  in  the  plant  itself  or  the  surrounding 
neighborhood.  The  plant  must  be  arranged  to  receive  and  unload 
the  collection  wagons  without  delay,  and  must  have  convenient 
arrangements  for  separation  of  the  different  classes  of  waste 
for  subsequent  treatment,  if  this  is  required. 

Capacity.— This  will  «l«-jM-inl  iij>on  the  present  and  anticipated 
future  population  and  also  upon  the  character  of  waste  to  be 
consumed.  The  design  should  be  of  the  best  approved  type, 
though  the  furnace  may  be  of  small  dimensions,  and  built  at  low 
cost  for  present  uses,  but  capable  of  addition  of  other  units  at 
relatively  small  expense. 

Beginning  with  an  in< lust  rial  town  of  500  population  and  a 
small,  inexpensive*  im •inerator.  the  same  design  and  methods  can 
be  extended  indefinitely  to  larger  plans,  with  equal  efficiency. 

General  Purposes. — When  the  waste  production  includes 
garbage  and  rubbish,  from  cither  separated  or  combined  col- 
lections, the  in<  in<  rator  is  designed  for  disposal,  during  daylight 
hours,  of  all  the  daily  wastes.  This  means  that  if  other  ways  of 
garbage  disposal,  as  reduction,  or  feeding,  or  transportation  for 
dumping,  should  fail  at  any  time,  then  the  town  would  have 
means  at  hand  to  dispose  of  the  waste  by  incineration. 

an  in  in  r:i tor  of  suitable  capacity,  any  town  i«  independ- 
ent of  all  other  methods  of  garbage  and  rubbish  disposal,  if 
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occasion  requires.    This  applies  to  disposal  of  all  animal  bodies 
and  certain  forms  of  trade  wastes,  if  necessary 

Rubbish  Only. — In  sonic  communities  the  gathering  and  sort  ing 
of  general  combustible  refuse  is  carried  on  for  a  revenue  f K.I n  r<  - 
OOVered  markrtaMc  material.  The  town  Imilds  the  refuse  utili/a- 
tion  station,  including  an  incinerator  in  its  equipment,  and 
collects  the  rubbish  and  delivers  this  to  a  contractor.  The 
latter  operates  the  plant,  recovers  all  saleable  material  and  pays 
the  city  pro  rata  on  the  volume  of  material  sold. 

It  is  not  an  expensive  installation  and  is  a  source  of  constant 
revenue,  besides  avoiding  the  nuisance  of  dumping  in  any  form. 

Station  Design. — When  a  town  has  provided  a  location  suitable 
for  a  waste  disposal  station,  there  should  be  erected  a  building 
to  enclose  all  operations  of  garbage  and  refuse  reception  and 
final  disposal.  The  site  should  preferably  be  on  a  side  hill 
where  an  elevation  of  8  to  10  feet  can  be  had  on  the  natural 
incline  of  the  ground.  There  should  be  storage  room  for  at 
least  one  day's  general  collection,  and  all  operations  should 
screened  as  far  as  may  be  from  public  observation. 

The  building  may  be  of  any  suitable  design  and  arrangement, 
constructed  of  any  material  that  conforms  to  the  general  con- 
struction scheme  of  the  town,  and  may  be  for  temporary  or 
permanent  use,  as  desired.  The  dimensions  of  the  building  and 
incinerator  are  governed  by  the  quantities  to  be  handled  of 
'••age  and  rubbish,  not  including  ashes;  room  being  provided 
for  a  rough  sorting  of  the  refuse  for  salable  purposes. 

SUMMARY  AND  CONCLUSIONS 

1.  In  an  industrial  housing  plan  the  question  of  collection, 
treatment  and  final  disposal  of  all  wastes  which  affect  the  health, 
comfort,  convenience  and  happiness  of  the  people  must  receive 
due  consideration. 

2.  The  problem  must  be  studied  with  reference  to  local  con- 
ditions in  each  particular  case,  with  the  intent  of  installing  t  In- 
best  methods  that  skill  and  experience  can  supply. 

3.  When  the  methods  of  collection  and  di-P'.il  a  re  determined 
upon,  there  should  be  a  division  of  the  collection  districts  into 
working  units,  a  calculation  of  the  quantities  of  each  class  of 
waste  to  be  collected,  the  distances  traversed,  and  the  time 
occupied  in  collections. 
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4.  It  b  advisable  thai  the  work  be  done  by  the  municipal 
agency,  either  by  the  aid  of  responsible  contracts  for  the  whole 
collection,  with  the  disposal  under  rigid  regulations,  or  by  the 
adoption  of  a  municipal  system  of  collection.    The  latter  b 

;.',  :,  -   .-    . 

5.  The  work  should  bo  under  the  direct  oversight  of  a  special 
inspector,  reporting  to  the  official  of  the  town  having  general 
charge  of  all  the  refuse  collections  and  street  cleaniiu 

6.  The  regular  «  D  service  should  be  made  at  times  v 
give  the  greatest  t  ,  economy  and  public  convenience,  and 
with  r.|inp!nrnt    IK-HI  suited  to  the  particular  purposes.    The 
collect  i«,n  should  also  be  under  strict  regulations,  to  which  the 
inhabitants  must  conform. 

7.  The  chance  of  saving  some  part  of  the  waste,  and  the  re- 
covery of  revenue  therefrom,  should  be  carefully  considered, 
even  though  the  quantities  may  be  small  I 

8.  The  locution  chosen  for  final  disposal  should  include  a 
refuse  disposal  stn  •  h  a  I  mild  ing  of  approved  design  and  a 
means  for  destroying  all  \\m-t  hl« •->  matters. 

9.  The  problem  of  refuse  collection  and  disposal  has  now 
!••    »::i<  -  •  .-ineerinn     c  jiieM  i<  MI,     re<|iimnsi     the    a-lvir.-    «.f 
specialists,  familiar  with  all  phases  of  this  subject.    This  should 
be  br               .  the  attention  of  all  communities  whore  industrial 
housing  is  in  progress  or  contemplated,  as  well  as  in  larger  places 
which  are  interested  in  securing  the  best  improved  methods  and 
appliances  that  can  be  obtained  for  the  solution  of  this  problem 

iste  collection  and  disposal. 


CHAPTER   i\ 
GAS  AND  ELECTRIC  SERVICE 

GAB  SERVICE — SUPPLY  OP  GAS,  CH.\K.\«TKR  AND  SOURCES — 
UTILIZATION  OP  GAS — DI>I  KIWTH»N  SVMIM  F.I.I  <  IUICAL 
SERVICE — SOURCE  OF  Pm\  KR  SUPPLY — TRANSMISSION- 
DISTRIBUTION  SYSTEM — UTILIZATION — PLANS  AND  SPECI- 
FICATIONS— ILLUSTRATIONS  OP  INSTALLATIONS 

GAS  SERVICE 

Introduction. — One  of  the  problems  confronting  the  buil<l< T 
of  an  industrial  housing  development  is  that  of  providing  a  gas 
supply  for  the  homes.  While  gas  can  probably  not  be  classed 
as  a  necessity  in  the  same  sense  as  a  water  supply  or  sewerage 
system,  and  is  no  longer  the  usual  means  of  lighting,  it  is  by  no 
means  a  luxury.  Families  which  have  once  become  accustomed 
to  the  use  of  this  convenient  fuel  are  most  reluctant  to  forego  its 
comforts.  This  should  be  given  due  weight  in  considering  tin- 
relative  economy  of  fuel  supplies  as  they  affect  the  cost  of  tin- 
project. 

Advantages  of  Gas  Service. — If  a  community  is  to  be  so  situated 
that  gas  will  be  available,  and  the  cost  such  as  to  allow  its  use 
for  heating  purposes,  its  advantages  over  use  of  other  fuel  may 
be  most  fully  realized — even  with  restricted  service.  A  gas  sup- 
ply means  the  abatement  of  the  smoke  nuisance — the  incon- 
venience of  delivery  of  coal  avoided — dust  and  dirt  in  the  houses 
reduced  to  a  minimum — easier  control  of  fires,  allowing  more 
uniform  temperatures  to  be  maintained — and  the  elimination  of 
storage  space  for  coal  permitting  more  extensive  use  of  cellars. 
The  householder  profits  from  the  elimination  of  the  operating 
labor  and  the  handling  of  ashes,  and  is  relieved  from  the  neces- 
sity of  securing  and  storing  fuel  in  advance  of  the  season. 

No  hard  and  fast  rules  can  be  laid  down  as  to  the  advisability 
of  including  gas  service  as  a  part  of  the  development.  This  is 
dependent  almost  entirely  upon  local  conditions  and  must  be 
determined  for  each  individual  case. 
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SUPPLY  OP  GAS-CHARACTER  AND  SOURCES 

The  supply  may  consist  of  either  natural  or  artificial  gas  or  a 
.!•«•  «•!  the  two.  In  many  port*  of  the  country,  where 
natural  gas  is  available  but  not  in  sufficient  quantities  to  meet 
the  demand,  artificial  gas  is  being  successfully  mixed  with  it  for 
general  use.  The  gradual  exhaustion  of  the  supply  of  natural 
gas  and  the  increasing  demand  for  this  convenient  fuel  forecasts 

a  \\id.-r  u-«-  <•!"  ;i  mixed  ua.-. 

The  mixing  of  natural  and  artificial  gas  produces  a  fuel  having 
a  higher  heating  value  than  artificial  gas,  and  at  the  same  time 
usually  result*  in  tl>«-  miv  ng  sold  at  a  lower  cost  than  it 

1  be  poBttil'K  to  market  either  gas  separat-  ventually, 

owing  to  '  rent  heating  qualities,  the  present  vnlui 

basis  on  which  gas  is  bought  and  sold  will  likely  l«  replaced  by 
the  more  rational  method  of  measuring  the  service  on  the  basis 
of  the  heat  units  supplied. 

Natural  Gas. — Natural  gas  is  a  mechanical  mixture  of  several 

gases,  the  numtar  and  proportion  of  which  vary  with  different 

•ies.     Its  heating  value  averages  in  the  neighborhood  of 

1150   B.t.u.    per   on.  ft.— practically  double  that  of  the  best 

grades  of  artificial  gas  manufactured  for  commercial  use. 

Natural  gas  is  still  obtainable  in  many  of  the  central  and 
parts  of  the  country,  although  in  rapidly  diminish- 
ing quantities.     Its  great  heating  value  and  usefulness,  coupled 
with  its  diminishing  yield,  undoubtedly  point  toward  conserva- 
tion, higher  prices  and  limitation  of  ita  use  to  domestic  purposes. 

Artificial  Gas. — The  most  important  of  the  gases  artificially 
made  are  coal  gas,  carburetted  water  gas,  producer  gas  and  by- 
product coke  oven  gas.    In  the  past,  coal  gas  and  carbui 
water  gas,  either  al<  >n  on,  have  been  most  widely 

used  for  domestic  consumption. 

Coal  GOB. — This  is  frequently  referred  to  as  "bench"  or  "  illu- 
minating"  gas,  and  is  manufactured  by  the  destructive  distilla- 
tion of  coal  in  externally  heated  air-tight  retorts.  It  is  primarily 
a  mixture  of  a  number  of  simple  gases.  The  heating  value  of 
coal  gas  varies  considerably,  owing  to  the  different  grades  of  coal 
used  in  its  manufacture,  but  a  value  of  550  B.t.u.  may  be  assumed 
as  a  fair  average.  The  approximate  average  yield  INT  ton  of  coal 
is  between  10,000  and  11,000  cu.  ft.  of  gas,  while  the 
yield  of  by-product  coke  ranges  between  1200  and  1500  Ibs. 

17 
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Water  Gas. — This  is  produced  by  tin-  decomposition  of  steam, 
acting  on  incandescent  carbon  in  the  form  of  coal  or  coke.  The 
heating  value  ranges  between  300  and  350  B.t.u.  ]>er  cu.  ft. 
and  for  m  n«  ral  municipal  use  this  gas  is  usually  carhmct ted  or 
enriched  by  the  introduction  of  crude  oil  in  such  a  way  that  it 
becomes  permanently  fixed  in  the  mixture.  This,  in  addition  to 
raising  the  heating  value  to  approximately  that  of  coal  gas,  is 
usually  necessary'  in  order  to  increase  the  illuminating  quality 
so  as  to  meet  certain  candle  power  requirements. 

The  danger  of  carbon  monoxide  poisoning  accompanies  the 
use  of  water  gas,  although  when  carburetted  the  odor  of  the  oil 
used  can  be  recognized  in  case  of  leakage,  and  ordinarily  11 
is  little  likelihood  of  an  accident  resulting  from  this  source. 

Producer  Gas. — This  is  made  by  passing  both  air  and  steam 
over  hot  coal,  the  volume  obtainable  from  one  ton  of  coal  aver- 
aging between  100,000  and  130,000  cu.  ft.  of  gas.  Owing  to  the 
large  percentage  of  nitrogen  present,  the  heating  value  of  pro- 
ducer gas  is  low,  averaging  in  the  neighborhood  of  140  B.t.u.  per 
cubic  foot. 

In  the  past,  producer  gas  has  been  used  chiefly  for  manufac- 
turing purposes,  the  equipment  for  its  production  being  located 
near  the  plant,  so  that  the  required  transportation  would  be 
short.  Gas  produced  in  this  manner  is  extremely  dirty  and, 
unless  well  cleansed  before  transporting,  is  likely  to  clog  the 
pipes  of  the  distribution  system. 

Coke  Oven  Gas. — This  is  one  of  the  products  resulting  from  the 
manufacture  of  coke  in  the  by-product  process.  Its  composition 
is  quite  similar  to  that  of  coal  gas  and  the  heating  value  ranges 
between  550  and  600  B.t.u.  per  cubic  foot. 

On  account  of  the  growing  demands,  lessened  supply  of  nat  ural 
gas  and  development  of  the  use  of  collateral  products,  the  use 
of  by-product  gas  in  mixture  with  natural  gas  is  becoming  well 
developed.  It  furnishes  a  means  of  prolonging  the  utilization 
of  natural  gas  for  a  longer  time  than  would  be  the  case  if  it  alone 
must  be  depended  upon. 

Source  of  Supply. — Public  Service. — No  doubt,  in  a  majority 
of  cases,  the  housing  development  will  be  located  near  an  es- 
tablished community,  and  it  will  be  possible  to  obtain  a  supply 
of  either  natural  or  artificial  gas  from  the  utility  supplying  this 
town.  On  the  other  hand,  in  the  case  of  isolated  developments, 
the  high  pressure  mains  of  a  company  might  be  sufficiently  close, 
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so  that  a  supply  oould  be  obtained  from  thin  noun*.    The  supply 

iniu'Jit  )H-  -.-nii'd  by  ti.in-|H.Hing  the.  CM  from  a  considerable 
•hmmhit  u  1 11  generally  be  found  that  a  gM  company 
i  ta  system  in  order  to  provide  service 
in  tills  manner. 

Industrial  Supply. — It  is  quite  possible  that  the  agency  pro- 
moting the  housing  project  may  own  industrial  plant**,  in  whhfc 
a  gM  is  produced  that  can  In-  utilmtl  for  the  development,  and 
to  steadily  increasing  cost  of  gM  this  possibility  should 
be  given  careful  consideration.  The  high  cost  of  manufactured 
gM  is  largely  due  to  the  necessity  of  providing  {  npment  suffi- 
cient to  meet  the  greatest  demand,  even  though  the  peak  load 
usually  exists  only  during  a  comparatively  short  period  of  the 
year  I  not  economical  to  manufacture  LM-  in  (jUan titles  less 
than  that  for  which  th«*  cquipim  nt  is  designed,  and  if  gM  is  to 
be  used  •  umm  purposes  it  is  <|iiite  likely  that  it  would 

pay  to  install  the  gM  making  plant  for  th,-  indu-try  sufficiently 
largo  to  produce  gas  for  both  tl,-  n-i  the  housing  develop- 

iM'-n!.  Or  if  a  domestic  u:i-  plant  is  used,  1  mild  this  large  enough 
only  to  meet  the  average  demand  and  reinforeethe  supply  during 
periods  «»f  high  ronsuinption  with  ga*  from  th«-  industrial  plant. 

By-Product  Ovens. — On  tin-  oth«-r  hand,  it  miuht  be  that  th.- 
quantity  of  gas  produc*  inaction  with  oth<-r  needs, — and 

this  is  quite  common  i:  with  the  l>y- product  coke 

ov.-n  industry, — would  IK-  in  excess  of  that  required  for  the  com- 
pany's own  development  and  the  surplus  could  be  distributed  to 
nearby  towns  or  other  housing  <1  ••%••  lopm* -nts,  and  a  pn>fit  thus 
realised.  Similarly,  <onditi(»ns  mi^ht  be  such  that  if  a  supply  of 
gM  is  not  available  from  ti  r  «  mp:  ny'>  O\MI  plant, service  could 
be  obUiin  1  fn-ni  a:  irl.y  industry. 

re  will  U-  few  cases  only  gas  supply  is  not  obtain- 

able from  a  public  service  corp<  and  in  these  days  it  is 

doubtful  if  it  would  be  wise  to  build  an  indt>|x>ndent  domestic 
plant  for  supplying  a  housing  development  only.  The  relative 

•  iiomy  of  tli>  -r   methods  available  can  be  determined 

only  from  a  study  of  local  conditions.  In  connection  with  some 
pro  ill  undoubtedly  be  found  that  gM  cannot  be  econom- 

ically suppli- 

UTILIZATION  OP  GAS 

GM,  both  natural  and  artificial,  is  used  in  domestic  consump- 
tion for  heating,  cooking  and  lighting,  although  for  lighting  pur- 
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poses  it  is  being  largely  superseded  l>y  the  use  of  elect  rieity,  and 
to  some  extent  in  rooking. 

Heating.— The  usual  high  cost  of  manufactured  gas  has  prohib- 
ited its  extensive  use  for  domestic  heating,  hut  the  develop- 
ment of  more  efficient  burning  devices  and  improved  met  hods  of 
manufacture  will  tend  to  increase  its  use  for  tlii-  purpose.  In 
regions  where  artificial  gas,  only,  is  available,  ordinary  practice 
is  to  use  it  only  in  cooking  stoves  and  under  hot  water  heaters, 
the  heating  of  the  house  being  accomplished  by  the  use  of  coal. 
This  practice  is  now  becoming  common,  even  where  natural  gas 
is  available,  furnaces  for  the  use  of  either  gas  or  coal  being  in- 
stalled, so  as  to  guard  against  the  contingency  of  the  demand 
<ling  the  yield  of  the  gas  fields  during  severe  and  long  con- 
tinued cold  spells. 

Natural  gas  as  a  fuel  for  house  heating  will  usually  be  found  as 
economical  as  coal,  providing  the  proper  equipment  is 
With  combination  furnaces,  coal  can  be  used  during  the  coldest 
months  of  winter  when  continuous  heat  is  required,  and  gas 
during  the  fall  and  spring  when  heat  is  needed  only  during  :i 
part  of  the  day.  This  will  usually  result  in  a  saving,  as  the  gas 
can  be  turned  on  or  off  instantly  and  used  only  when  required. 
Even  should  coal  be  used  in  the  furnace,  gas  fire  places  may  well 
be  used  with  economy  and  comfort  for  room  heating. 

Unless  the  town  is  a  strictly  residential  development,  the  sup- 
ply of  gas  should  be  sufficient  to  meet  the  requirements  of  small 
manufacturing  plants,  machine  shops,  etc.  It  may  be  used 
either  as  fuel  under  boilers  or  for  the  operation  of  internal  com- 
bustion engines  and  some  other  processes. 

Cooking. — Many  of  the  same  remarks  as  given  under  "  Heat- 
ing" apply  here;  but,  even  with  high  cost  of  artificial  gas,  there 
is  a  growing  demand  for  gas  and  for  appliances  to  use  for  cooking 
and  household  duties  of  various  kinds.  These  may  extend  from 
the  small  hot  plate  burner  to  the  more  pretentious  kitchen  range, 
complete  with  oven  and  all  appurten:mees.  Such  use  has  almost 
become  a  necessity  in  the  summer  in  warmer  sections  of  the 
country  and  with  row  or  apartment  houses. 

Lighting. — This  has  become  largely  obsolete,  except  in  remote 
localities  and  where  electricity  for  some  reason  has  not  been 
developed.  As  little  attention  is  now  paid  to  illuminants,  even 
in  artificial  gas,  it  is  customary  to  use  incandescent  mantels; 
thus  any  gas  can  be  used. 
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Amount  of  Gat  Used. — Abnormal  peak*  of  short  duration 
liaractcristic  of  gas  service  and  the  proper  design  of  any 
Mipply  V...M.  mil  require  a  thorough  Htu.lv  ..;  the  probable  daily 
and  seasonal  variations.  Spaee  is  too  limited  for  full  discussion 
of  such  variations  and  referenoe  will  be  made  only  to  the  factors 
which  affect  the  design  of  the  diMnl.ution  system. 

Average  and  Mnximnm.—ln  most  cases  the  design  of  the  gas 
system  for  a  housing  development  will  require  *  determii 
of  the  maximum  demand,  <mly,  that  may  be  expected,  in  order 
that  mains  aii<l  ••  fig  lines  of  adequate  sise  may  be  pro- 

vided.    'I  he  volume  of  gas  consumed  will  depend  largely  upon 
the  character  of  the  demand.     Where  natural  gas  is  to  be  used 
ating,  as  well  a>  orms  of  domestic  service,  the  aver- 

age for  a  residential  development  will  be  about  120,000  < 

•  •ar,  or  It  •  ;»er  family.     The  amount  for 

other  gases   will  be  proportionally  greater,  due  to  the  lossor 
heating  vain 

The  maximum  demand  will  be  about  three  times  this  quantity 
or  42  cu.  ft.  per  hour.     In  estimating  the  probable  consum; 
howc>N  though  tin-  initial  Mipply  is  to  be  natural  gas,  the 

probable  future  substitution  of  manufactured  gas  must  be  taken 
into  consideration  and  allowance  made,  therefore,  for  a  demand 
•t.  |H  r  hour. 

Allowance  Jor  Artificial  Gas. — A  comparison  of  the  probable 
maximum  consumption  of  manufactured  and  natural  gas  can- 
not, however,  be  made  solely  on  the  basis  of  fuel  values.  The 
higher  cost  of  the  manufacture -d  product,  as  compared  with 
natural  gas,  tends  to  decrease  its  use  as  a  fuel  and  at  the  same 
time  in< Tease  the.  care  and  economy  of  the  consumers.  The 
consumption  of  th<>  different  gases,  especially  for  cooking  pur- 
poses, while  deix-nding  direrily  upon  t  heir  respective  fuel  values, 
is  somewhat  affected  by  tin  of  time.  That  is,  while 

practically  double  the  amount  of  manufactured  gas  is  required 
to  do  the  same  amount  of  work  j* -r  unit  of  time,  as  that 


plishcd  by  natural  gas  haviim  t\\i«  the  heating  value,  it  does 
not  necessarily  follow  that  the  work  must  be  completed  in  the 
same  length  of  time.  The  cookinp  may  extend  over  a  longer 
1  and  finally  the  increasing  necessity  of  substituting  artifi- 
cial for  natural  gas  will  stimulate  the  perfeetion  and  efficiency 
of  heating  and  cooking  devices. 

Considering  these  factors,  a  maximum  rate  of  use  of  00  cu.  ft. 
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I MT  Imn r  may  be  assumed  as  sufficient  for  both  heating  and  cook- 
ing purposes  on  all  occasions,  and  the  pipe  lines  may  safely  be 
designed  on  this  basis.  These  figures,  however,  apply  to  the 
middle  and  northern  sections  of  the  United  States.  For  develop- 
ments in  the  sonilirrly  regions  the  effect  of  the  warmer  climate 
upon  the  maximum  demand  should  be  taken  into  con-id,  r; \\\  inn. 
Where  local  conditions  arc  such  that  gas  will  be  used  only  for 
cooking  and  lighting  purposes,  the  distribution  system  may  1>« 
designed  on  this  basis.  Before  this  is  done,  however,  careful 
thought  should  be  given  to  the  possibility  of  later  abandon- 
ment of  wood  and  coal  in  extreme  cold  weather  with  a  result  intf 
inrivased  demand  for  gas  for  such  purposes. 

Transmission. — If  the  gas  service  is  to  be  furnished  by  an 
outside  agency  the  method  of  transporting  the  gas  from  the 
source  of  supply  to  the  site  is  usually  not  one  of  the  problems  of 
the  housing  project.  In  the  limited  number  of  cases,  how. 
where  the  gas  supply  will  be  furnished  by  a  housing  corporation, 
the  principles  affecting  the  construction  of  the  transmission 
mains  will  need  to  be  kept  in  view.  The  first  consideration  is 
the  size  of  the  pipe  that  will  be  required  to  carry  a  supply 
adequate  not  only  for  the  initial  but  for  the  ultimate  development . 

Pressures. — In  practically  all  instances  where  manufactured 
gas  is  supplied,  the  required  distance  of  transportation  will  be 
short,  and  the  pressures  carried  in  the  lines  comparatively  low. 
The  latter  may  be  obtained  by  the  use  of  high-pressure  storage 
holders,  but  this  is  now  being  largely  superseded.  The  system 
which  is  gradually  coming  into  use,  consists  of  small  rotary  boost- 
ers, which  may  be  regulated  so  as  to  hold  the  pressure  uniform, 
regardless  of  the  variations  in  consumption.  In  the  transmis- 
sion of  gas,  a  moderately  high  differential  pressure  (the  difference 
between  the  pressure  at  the  inlet  and  outlet  of  the  line)  is  required, 
in  order  to  secure  enough  driving  power  to  force  the  gas  through 
the  mains.  This  pressure  is  used  up  in  overcoming  the  friction 
offered  by  the  pipe  to  the  flow  of  the  gas.  At  the  discharge  end 
of  line,  where  the  gas  is  taken  into  a  low-pressure  regulator,  the 
pressure  may  be  as  low  as  1  Ib.  per  sq.  in.,  although  somewhat 
higher  amounts  are  desirable. 

Pipe  Sizes. — The  problem,  then,  is  simply  to  find  the  size  of 
pipe  that  will  be  required  to  deliver  the  necessary  amount  of 
gas  at  the  regulator  stations,  the  initial  pressure  at  the  soum- 
being  known.  Various  formulae  have  been  developed,  and 
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alt  hough  no  two  of  these  will  exactly  agree,  the  results  obtained 

an-  comparatively  cln.se.  The  follnwmn  formula1  l.y  1  H. 
<  Mipluint,  w  reeomracmleo!  for  11*1-  in  determining  the  flow  of  gas, 
or  the  required  aiie  of  pi|*-,  in  high  or  medium 


in  whirh  Q  equals  the  <|ii  f  gas  in  cubic  feet  per  hour;  /'; 

equals  gage  pressure,  plus  15  lb.f  at  intake*  end  of  hn«  ;  Ps  equals 

gage  pressure,  plus  15  lb.,  at  discharge  end  of  line;  A  equals  the 

square  root  of  the  5.084th  power  of  tin-  nominal  diameter  of  the 

L  equals  the  length  of  main,  in  miles,  and  M  i-  a  eon-tant 

ed  friun   practi.  'intents.    The  specific  gravity  of 

is  in  this  formula  is  assumed  as  six-tenth-  and  for  a  gas 

ti?  any  other  spc<  i  result  should  be  multiplied 

by  t  ho  square  root  of  nix-tent  h>,  divided  by  the  square  root  of  the 

specific  gr  the  gas  under  considers 

d  of  Pipe. — Wrought  iron  or  steel  pipe  is  more  extensively 
used  for  medium  or  high  pn -ssure  gas  mains  than  cast  iron  pipe, 
notwithstanding  the  longer  life  of  the  latter.  Tin-  former  is  not 
likely  to  break  and  more  readily  accommodates  itself  to  settle- 
of  the  ground.  Cast  iron  pipe  is  usually  laid  with  lead 
joints,  and  steel  pipe  with  either  screw  joints  or  couplings,  the 
couplings  being  used  for  the  larger  sizes.  The  major  portion  of 
the  gas  lost  in  transmission  occurs  at  the  joint s  in  the  line;  thus 
the  shorter  lengths  of  cast  iron  pipe  contribute  more  to  this  loss, 
and  particular  care  must  be  exercised  in  the  laying  of  the  pipe 
to  make  the  joints,  however  they  are  constructed,  as  leak-proof 
as  possible.  Threads  and  couplings  should  be  pain  ted  with  a  thi»  -k 
mixture  of  red  and  white  lead  before  screwing  together. 

Recently  the  praetiee  of  wel.lmij  the  pipe  together,  end  to  end, 
by  means  of  the  oxy -acetylene  flame  has  been  tried  and,  while 
this  method  is  comparatively  new,  it  is  claimed  that  it  will 
eventually  supersede  all  others.  Practice  has  demonstrated  that 
the  strength  and  fle\ii>ility  of  the  welded  joints,  if  properly 
made,  obviate  the  necessity  of  special  provision  in  the  lines  for 
expansion.  For  steel  pipe  lines,  with  screw  joints,  provision  for 
expansion  is  sometimes  made  by  inserting  sleeves,  but  the  usual 
practice  is  to  lay  tin  pi(x  in  a  more  or  less  irregular  line.  In  the 
case  of  plain  end  pipe,  the  couplings  allow  for  such  contingencies. 
1  Handbook  of  Natural  Gaa— HENRY  P.  WBSTCOTT. 
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Drips. — "Drips"  for  the  collection  of  moisture  should  be 
placed  at  all  depressions  in  the  lino.  Standard  drip  pots  or 
tanks  are  manufactured  for  this  purpose,  the  m;iin  feature  U-in^ 
a  baffle  plate,  placed  in  the  center,  for  intercepting  the  liquid  in 
the  gas,  which,  striking  against  the  plate,  drops  to  the  bottom 
of  the  tank  while  the  gas  passes  around.  These  drips  or  blow- 
offs  must  be  kept  free  from  water  by  fre<|ii» -nf  cleaning. 

Regulators. — For  low  pressure  distribution  the  gas  is  taken  fi  <  >m 
the  supply  mains  into  the  distribution  system  through  regulators 
or  governors,  which  reduce  the  pressure  to  whatever  extent  is 
necessary  to  meet  requirements.  If  the  pressure  in  the  main 
supply  line  is  over  100  Ib.  per  sq.  in.,  two  regulator  stations 
will  be  required,  the  first  to  reduce  the  pressure  to  an  inter- 
mediate stage  of  15  or  20  Ib.,  and  the  second,  or  low  pressure 
regulator,  to  step  this  down  to  meet  the  requirements  of 
distribution. 

The  regulator  station  may  be  placed  either  above  ground  in 
a  suitable  structure,  or  in  an  underground  vault,  whichever  may 
be  best  suited  to  local  conditions.  If  placed  underground,  ample 
provision  must  be  made  for  ventilation,  in  order  to  allow  the  gas 
to  escape  in  case  of  leakage,  and  also  to  prevent  freezing  of  the 
apparatus.  In  certain  instances  it  may  even  be  found  necessary 
to  heat  the  gas  previous  to  reducing  the  pressure,  in  order  to 
prevent  the  freezing  of  the  .regulator,  although  such  measure 
will  l>e  found  necessary  only  when  excessive  reductions  are 
attempted. 

DISTRIBUTION  SYSTEM 

The  gas  distribution  system  within  the  limits  of  a  town  con- 
sists of  a  series  or  network  of  distributing  lines,  connecting 
various  main  lines,  the  required  number  of  mains  depending  upon 
the  size  and  arrangement  of  the  development.  The  services  for 
individual  consumers  may  be  connected  with  either  the  mains  or 
the  distributing  lines.  The  relative  advantages  of  placing  gas 
lines  in  easements  or  in  streets,  the  economy  of  a  single  and  a 
double  system  of  low  pressure  mains  in  the  streets,  and  the 
desirability  of  placing  several  utilities  in  the  same  trench  has 
been  discussed  in  another  chapter  of  this  book  and  further 
ence  here  will  be  unnecessary. 

Gas  must  be  delivered  to  the  consumers  at  a  comparatively 
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rm  premure  adequate  for  their  needa,  but  more  than  this  ia 
excewuve  and  unnecessary.  Pressures  muat  be  limited,  aJao,  in 
order  to  minimize  the  poaaibility  of  danger  resulting  from  leakage 
in  the  houao  piping  or  in  burning  devices.  This  comparatively 
low  pressure  may  be  earn.  -1  in  the  entire  system  or  a  higher 
presfure  may  be  used  i  md  the  required  redu 

made  by  means  of  small  individual  regulators  insulted  in  the 

Each  system  has  its  advantages,  but  that  best  adapted  to  any 
particular  development  can  be  determined  only  after  a  detail 

Mu.lv  of  th.-  rvl:itm>  e.  onomy  of  each  as  affected  by  local  con- 
ditions. The  source  from  which  the  supply  is  to  be  obtained 
must  also  be  taken  into  considerat 

Low  Pressure  Distribution.— Where  gas  is  supplied  directly 
from  the  distribution  system,  without  regulation,  the  pressure 
carried  in  the  lines  is  usually  from  4  to  6  oz.,  as  the  best  domestic 
•e  is  given  when  the  gas  i>  d  at  a  pressure  of  not  less 

than2J^02.persquarein(  h      \\  i>-  r.  th<»  population  of  the  devefop- 
is  to  be  in  the  n<  i^htx>rhocKl  of  5,000,  more  than  one  low- 
pressure  regulator  will  probably  l>e  required  and  in  such  cases 
the  supply  line  i>  d  as  required.     Usually  when  several 

regulators  will  be  required  it  will  lx»  found  desirable  to  carry  the 
supply  line  around  the  approximate  boundary  of  the  develop- 
so  as  to  form  a  belt  line  feeding  system.    The  pressure 
carried  in  the  supply  main  may  vary  from  a  few  pounds  to  15 

1  ll>.  per  squniv  inch. 

Regulators. — The  regulator  stations  should  be  carefully  located 
with  to  the  .enter  points  of  heavy  consumption,  and 

to  the  distribution  of  the  load  throughout  the  system.  In  the 
majority  of  instances,  it  will  be  found  desirable  to  place  the 
•MS  in  underground  vaults,  so  as  not  to  detract  from  the 
appearance  of  the  development.  These  may  be  placed  either 
under  the  streets  or  under  casements  reserved  for  utilities. 

The  regulator  should  preferably  be  installed  with  a  by-pass 
so  that  it  may  U>  ".  ut-out     for  repairs  and  the  gas  flow  tempo- 
rarily ron  trolled  by  hand,  if  necessary.     Regulators,  const  r 
with  a  double  diaphragm,  have  been  found  to  give  the  most 
e,  as  the  pressures  may  be  thus  more  closely 
•lied.     Every  precaution  should  be  taken  to  obviate  the 
possibility  of  accidents  resulting  from  failure  of  the  regulators. 
v  valves  should  be  installed  on  the  low  pressure  side  of  the 
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station  to  relieve  the  pressure  in  the  distribution  system,. should 
the  diaphragm  of  the  regulator  fail. 

In  case  the  gas  should  fail  in  the  niuht.  <>r  )><•  ilmu-jlit  l<  — 1\ 
turned  off  from  the  supply  mains  and  turned  on  again  without 
warning,  serious  accidents  might  result.  To  guard  against  this 
contingency  all  regulators  should  be  installed  with  attachments 
for  automatically  closing  the  ports  of  the  valves  and  to  pn 
flow  of  gas  again  until  the  valves  are  opened  by  hand.  The 
material  used  in  the  construction  of  the  regulator  should  be  such 
as  will  resist  any  chemical  action  of  the  gas,  especially  when- 
the  supply  is  to  be  manufactured  gas. 


Fio.  39. — Plan  of  typical  gas  regulator  station. 

A  typical  installation  of  an  underground  station,  using  a 
regulator  with  double  diaphragms,  is  illustrated  in  Fig.  39. 

Size  of  Mains. — The  design  of  low  pressure  distribution  systems 
should  make  ample  allowance  for  confine -ncics.  The  size  of 
the  mains  should  be  liberal  so  that  the  loss  of  pressure  between 
the  regulators  and  the  most  distant  consumers  will  be  practically 
negligible.  In  common  parlance,  the  lines  should  act  more  as 
reservoirs  than  as  conductors,  so  that  the  pressure  at  the  regu- 
lators may  be  maintained  at  about  4  ounces  per  square  inch. 
This  will  tend  to  more  nearly  equalize  the  pressures  throughout 
the  system  and  will  insure  a  more  satisfactory  service. 
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It  should  be  remembered,  however,  that  the  period  of  maximum 
demand  will  usually  . 

of  the  winter  month*,  depending  upon  geographical  location  and 
the  *  I  tho  winter.     In  thfl  m:ij«.rity  of  caaee  this  period 

will  pn. kii.lv  i-oiMi!ut4»  not  inoiv  than  Uirce  or  four  per  cent,  of 
the  entire  year  and  to  meet  this  demand  the  preasnres  at  the 
regulator  stations  may  be  increased,— providing  of  course  that 
the  supply  nf  gas  is  adequate.  The  design  of  the  system  should 
be  such,  however  that  even  in  the  most  extreme  cases,  the  re- 
quired increase  in  pressure  should  not  exceed  several  ounces. 
Th.-  loss  of  gas  in  a  well  designed  low  pressure  system  should 
xceed  five  per  <-<-nt. 

High  Pressure  Distribution.— It  is  possible,  however,  and  in 

i  instances  desirable,  to  distribute  the  gas  under  a  high 

The  low  pressure  required  for  domestic 

use  is  obtained  in  such  a  case,  by  the  use  of  small  individual 

regulators,  placed  on  the  service  connections.    In  such  a  system, 

accident*  resulting  from  the  improix-r  fun«-tionin^  of  thr  individ- 

ual  regulators  or  governors  are  infrequent,  especially  when  proper 

precautions  are  taken  by  installing  safety  devices  in  connection 

with  the  regulators. 

Satisfactory  service  may  be  given  in  this  manner  and  smaller 
pip.'  lines  are  possible.  The  saving  due  to  the  use  of  less  expen- 
sive lines,  however,  is  offset  to  a  large  extent  by  the  cost  of  the 
attachments  on  the  service  connections  to  the  consumers.  This 
is  especially  true  where  the  development  is  concentrated.  On 
the  other  hand,  considerable  economy  may  be  realised  by  such 
hi^li  pressure  service,  where  the  consumers  are  few  in  proportion 
to  the  required  length  of  the  distributing  mains,  or  where  & 
may  be  obtained  directly  from  the  medium  or  high  pressure  lines 

Aside  from  the  saving  that  it  may  be  possible  to  realise,  high 
pressure  distribution  has  the  distinct  advantage  of  making  pos- 
sible the  delivery  of  gas  to  every  house  at  a  constant  and  uni- 
form pressure,  no  matter  what  the  distance,  In  addition  pres- 
sures can  be  varied  to  meet  individual  needs.  Where  manu- 
fa<  t  ured  gas  is  used,  high  pressure  greatly  reduces  the  possibility 
of  ttouH'  from  freezing  of  the  lines.  The  possibility  of  surh  a 
rilmtion  should  be  given  most  careful  consideration. 

Design  of  Distribution. — The  use  of  wrought  iron  or  steel  pipe 
is  recommended  and  particular  care  should  be  taken  in  laying  to 
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secure  tight  joints,  so  as  to  limit  the  loss  from  leakage.  In 
laying  out  the  distribution  system,  care  should  be  taken  to  elimi- 
nate all  unnecessary  bends  in  tin-  pipe,  so  as  tominimi/r  1 1><  fric- 
tion set  up  by  a  change  in  tin  duvet  ion  of  the  flow  of  the  gas. 
Although  such  refinement  is  not  usually  necessary,  allowance  in 
design  for  the  drop  in  pressure,  due  to  the  friction  of  fittings  and 
valves  may  be  made  by  addition  of  a  certain  length  to  that  of 
the  straight  section  of  pipe  under  consideration. 

General. — The  first  consideration  is  an  estimate  of  the  popu- 
lation, and  this  must  take  into  consideration  the  probable  future 
developments  and  the  directions  which  these  growths  may  take. 
The  character  of  the  community — whether  residential  or  largely 
industrial — should  be  considered  in  determining  the  average  and 
maximum  consumption.  The  general  topography  of  the  area 
under  consideration,  as  well  as  variation  in  level,  and  its  relation 
to  the  source  of  the  supply,  affects  the  design.  Consideration 
must,  of  course,  be  given  to  the  distribution  of  the  demand  for 
gas,  whether  equally  spread  over  the  district  or  unequally — and 
if  the  latter,  in  which  direction  the  greatest  quantities  of  gas  will 
be  needed. 

The  natural  tendency  of  gas  to  rise  should  be  utilized  by  arrang- 
ing the  mains  so  that  the  principal  lines  may  run  through  the 
lower  portions  of  the  district,  if  this  is  possible.  In  the  determina- 
tion, or  design  of  a  system,  this  characteristic  of  gas  should  be 
recognized  by  making  an  allowance  in  considering  the  pressures. 
For  this  purpose,  the  gravitating  effect  of  the  gas  can  be  assumed 
as  equal  to  a  column  of  water  one  inch  in  height  for  each  vertical 
rise  or  fall  of  100  ft.  in  the  line. 

Slope  and  Drips. — Gas  lines  should  be  laid  on  a  slope,  so  as  to 
provide  drainage  for  the  water  due  to  the  condensation  of  the 
moisture  in  the  gas.  The  minimum  allowable  grade  should  not 
be  le&  than  0.25  per  cent.  At  all  depressions,  drip  pots  should 
be  placed,  and  these  should  be  inspected  and  cleaned  frequently. 
In  laying  out  and  constructing  the  system,  all  the  low  pressure 
lines  should  be  connected,  and  no  dead  ends  allowed. 

Valves  and  Bags. — In  a  low  pressure  system  valves  are  not 
required  in  the  lines,  except  at  regulator  stations  and  at  those 
places  where  local  conditions  may  make  this  provision  desirable. 
For  the  purpose  of  repairing  any  section  of  the  system,  the  gas 
may  be  shut  off  from  this  locality  by  means  of  gas  bags,  inserted 
through  holes  drilled  in  the  pipes. 
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Depth  of  Laying.  —  Where  natural  ga«  w  used,  there  in  no 
of  the  lines  freezing,  and  they  may  he  laid  at  any  depth  deter- 
mine* 1  l»>  nthor  consideration*,     u  •  :.  manufactured  or  artificial 
gas,  however,  the  poN*il»ilit  y  of  tlio  linoa  freezing  mutt  be  taken 
onsideratioM  m  det,  -miming  the  depth  at  which  they  should 
be  laid.    This  is  more  part  i<  ul.irly  true  of  small  lines  which  may 
become  clogged  through  condensation  and  f  reeling  of  the  water 
win.  h  is  always  carried  in  the  gas.    A  depth  of  from  two  to 
three  fcctt  however,  will  usually  be  sufficient,  except  in  extremely 
•«-.     The  d  \  }  M-nri  iced  in  connection  with  the 

freesing  of  the  lines  when  artificial  gas  is  used  is  largely  done 
away  with  if  the  gas  is  distributed  under  a  medium  or  high  pres- 


Si  je  of  Pipes.—  The  required  sise  of  the  medium  and  low  pres- 
sure distributing  mains  may  be  determined  »»y  the  use  of  the 


I'ole,  V  -  1350  Z>«  J        in  which  V  equals  vol- 

\  >l . 

ume  of  gas  discharged,  in  <  ul>i<  tV<-t  j* -r  hour;  /)  equals  diameter 
of  pi|*.  in  inches;  /'  equals  pressure  drop,  in  inches  of  water; 
N  equals  specific  gravity  of  gas  (air  equals  1);  L  equals  length  of 
line  in  yards;  and  1350  is  a  constant,  deducted  from  practice  and 
experiment.  The  pressure  of  a  column  of  water  one  inch  in 
height  may  be  taken  as  equal  to  0.577  ounces  per  square  inch. 
The  sise  of  high  pressure  lines  may  be  determined  from  the  Oli- 
phant  formula  u'ivm  un<l<-r  'Transmission". 

Services.— Tapping  3/airw.— In  laying  the  gas  lines,  provisions 

u? '  'TV  are  not  necessary  or  desirable  for  service  connections. 

t  lie  lines  are  laid,  holes  are  drilled,  c  it  her  before  or  after 

the  gas  has  been  turned  in,  by  means  of  a  tapping  machine,  and 

the  service  pipe  connected  by  means  of   two   street   "L's". 

With  \\ TMimht  iron  or  steel  mains,  a  saddle  or  service  clamp  will 

be  required,  as  the  thickness  of  the  pipe  shell  is  not  sufficient 

f<.r  thrra«i 

Sts0. — A  IJ^-in.  service  line  will  supply  an  eight  to  ten-room 

house,  and  sizes  smaller  than  this  should  never  be  used.    Where 

the  service  line  is  not  excessi\  /.  a  !}{-in.  pipe  should  be 

large  enough  to  furnish  a  supply  Miili. -ient  for  all  domestic  needs 

largest  house.     For  industrial  use,  it  will  be  necessary  to 

sise  of  service  line  required  to  meet  the  individual 

circumstances.    For  schools,  churches,  stores,  etc.,  a  2-in.  service 

line  should  be  used. 
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Galvanized  pipe  is  not  essential  for  service  connection,  and  a 
considerable  saving  may  be  realized  by  the  use  of  Mark  pipe. 
All  fittings,  however,  should  be  galvam/cd  iron  ihmuuhout. 

Curb  Cocks. — Stop  cocks  should  be  placed  on  all  servii •<•  lines, 
and  a  further  economy  may  be  effected  1>\  the  use  of  stop  cocks 
with  galvanized  iron  cases  instead  of  all  brass  stop  cocks.  Valve 
boxes,  or  "curb  boxes",  as  they  are  usually  called,  should  be 
placed  over  all  service  cocks.  The  usual  diameter  of  the  shaft 
of  such  boxes  is  2%  in.,  and,  while  these  are  a  standard  product, 
care  should  be  taken  to  obtain  a  box  with  a  base  of  sufficient 
size, so  that  no  weight  will  be  transmitted  to  the  servin  line.  As 
the  services  will  probably  not  all  be  the  same  depth  below  the 
surface,  boxes  with  an  extension  or  adjustable  top  should  be 
used.  A  top  with  an  arrangement  for  locking  is  a  desirable 
feature. 

Where  the  service  is  taken  from  a  line  in  an  easement  at  the 
rear  of  a  lot,  the  location  of  the  service  boxes  should  be  marked, 
so  that  they  may  easily  be  found  in  case  it  becomes  necessary 
to  shut  off  the  gas  in  an  emergency.  This  can  easily  be  done  by 
extending  the  top  of  the  box  a  few  inches  above  the  ground  and 
protecting  it  with  a  small  concrete  block.  Such  a  block  should  be 
constructed  with  sloping  sides  and  extended  a  sufficient  distance 
in  the  ground  to  resist  the  uplifting  action  of  frost.  The  hole  in 
the  center  of  the  block  should  be  left  sufficiently  large  to  allow 
the  removal  of  the  service  box  without  disturbing  the  marker. 

Slope  and  Drip. — Where  possible  the  service  line  should 
slope  toward  the  main  so  as  to  allow  for  drainage.  If  the  slope 
of  the  ground  is  such  t  lint  t  his  cannot  be  done,  it  will  be  necessary 
to  place  a  small  drip  pot  at  the  cellar  wall,  to  allow  for  the  collec- 
tion of  condensation  from  the  line. 

In  order  to  protect  the  pipe  at  the  cellar  wall  and  also  to  allow 
for  easy  removal,  a  galvanized  iron  sleeve  several  sizes  larger 
than  the  service  pipe  should  be  used.  The  opening  between  the 
pipe  and  the  sleeve  may  readily  be  closed  after  the  line  has  been 
installed  by  caulking  or  cementing  the  opening. 

Plans  and  Specifications.— Even  though,  in  the  majority  of 
cases,  a  gas  system  will  l>e  owned  and  operated  as  a  public  utility, 
it  will  be  desirable  to  include  tin  <1(  sign  as  part  of  the  housing  pro- 
ject, in  order  to  coordinate  with  other  utilities  and  street  work. 

Plans. — General  and  detail  plans  should  always  be  prepared, 
the  former  to  show  comprehensive  layout  of  the  system — supply 
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and   distribution   main*,   iliMribuiuu;    hues,   regulators,  drip*, 

valves  and  the  location  of  all  other  structural  features.    Detail 

n  of  linos  and  si  s  may  be  quite  readily  shown  on 

plan>  of  ulhrr  uliliti.-v  in  ,  i.nn«-.-f  jnn  \si'h  SJllSf  i;M-  I  Slid  I  PI  H 

*  will  insure  proper  clearances  and  prevent  interferences. 

These  plans  should  show  profiles  in  order  to  establish  grades 

and  relation  to  th.-  finished  surface.    Details  of  typical  service 

installations  should  be  prepared,  as  well  as  plans  for  the  construe- 

"f  regulator  Htuti-  -.-.-.     These  should  show  clearly  details 

>ing  connections  to  regulators  and  the  location  of  all  valves 

and  safety  devices.    Cross-sections  of  streets,  showing  the  depth 

of  lines  and  relation  to  other  utilities,  will  IK-  found  denim' 

Specifications.  —  The  construction  of  lines  may  be  handled  in  a 
numU-r  of  diiT.-n-nt  ways.     Whatever  agreement  is  mad* 
specifications  should  be  such  as  t  •  a  satisfactory  service. 

The  rights  of  utility  companies  and  obligations  regarding  main- 
tenance of  systems  should  IM-  dearly  understood  and  stated. 
This  is  particularly  important  as  relating  to  repair  to  pipes  under 
tin-  (lavements. 

Technical  specifications  should  cover  the  kind  of  pipe  to  be 

used,  method  of  installation,  sequence  of  construction  consider- 

ing other  utilities,  depth  of  lines,  location  of  structures  and  the 

"iiMiiu  -tinn.     Methods  of  installing  services  should 

be  clearly  stated,  the  location  and  protection  of  service  boxes, 

and  the  t  vpe  and  location  ot  meters.     With  high  pressure  service, 

particular  stress  should  be  laid  on  the  installation  of  house  regu- 

lators.    In  short,  all  agreements  and  specifications  should  have 

ing  an  adequate  and  satisfactory  service  at  a  mini- 

mum of  cost. 

ELECTRICAL  SERVICE 

Introduction.  —  Electrical  service  for  municipalities  not  inf  re- 

ly introduces  some  rather  difficult  problems,  which  require 

careful  c<  •  ion  to  the  end  that  an  adequate  and  dependable 

e  at  reasonable  cost  may  be  secured.    It  is  important  that 

retaliation  may  be  made  in  such  a  manner  as  will  not 

unduly  detract  from  the  appearance  of  the  developim  nt,  and 

also  be  capable  of  future  extensions  without  manifest  changes 

in  plan  of  system. 

Where  service  is  furnished  by  a  public  utility  company,  there 
nt!y  arises  a  conflict  of  interest  and  opinion,  the  company 
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being  guided  by  the  inertia  of  established  practice  as  to  installa- 
tion and  operation  and  com  rolled  very  largely  by  cost  factors. 
Further,  the  rates  which  may  be  charged  are  commonly  regu- 
lated by  State  Utility  Commissions  and,  if  the  cost  of  installa- 
tion is  greater  than  usual  practice  would  entail,  the  company 
cannot  obtain  sufficient  return  upon  the  investment  unless  the 
builder  of  the  project  participates  in  the  first  cost  of  construc- 
tion. Even  then,  particularly  if  the  installation  is  a  small  one. 
the  utility  operating  officials  will  not  care  to  depart  from  their 
standard  operating  practice. 

The  builder's  view  point  is  based  on  the  more  intangible  but 
nevertheless  real  grounds  of  appearance  and  attractiveness;  not 
however  lessening  the  value  of  good  service.  Having  in  mind 
the  efforts  he  has  made  and  the  expense  he  has  undergone  to 
add  to  the  ainenit  ies  of  the  project,  in  the  planning  of  the  streets, 
lots,  planting,  grouping  of  the  houses  and  similar  features  of  good 
town  planning,  he  is  most  desirous  of  not  detracting  from  at- 
tractiveness by  overhanging  festoons  of  wires.  Particularly  he 
wishes  to  avoid  those  practices  which  tend  so  much  to  injure 
the  good  looks  of  streets,  which  can  be  eliminated  at  slight 
additional  cost;  sometimes  even,  it  may  be  said,  at  a  lesser  cost 
than  that  of  the  established  practice  of  the  company.  If  the 
installation  is  to  be  attractively  carried  out,  the  advances  in  art 
or  design  may  have  to  be  initiated  by  the  builders.  It  is  therefore 
of  value  to  point  out  the  various  ways  in  which  this  may  be 
made  to  answer  different  requirements  and  conditions. 

When  current  is  furnished,  either  from  a  nearby  industry  or 
from  a  power  plant,  built  especially  for  the  development,  the 
builder  of  the  project  can  control  the  features  of  the  installation. 
He  is  then  interested  in  what  manner  and  at  what  cost  he  can 
attain  the  desired  results.  The  important  questions  are  where 
can  the  service  be  obtained  most  cheaply  and  how  can  it  be 
installed  in  the  most  satisfactory  manner. 

A  working  knowledge  of  the  features  and  uses  of  the  various 
elements  of  a  complete  electrical  installation  is  essential,  in  order 
that  a  good  practical  scheme  may  be  worked  out.  These  include 
the  following:  the  power  plant;  the  transmission  or  supply  line; 
the  high  voltage  primary  circuit  within  the  project;  the  secondary 
system  of  low  voltage,  from  which  the  house  sei vices  are  direct  ly 
taken;  the  house  services  and  meters;  the  street  lighting  circuits, 
and  the  various  units  of  utilization  of  current. 
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SOURCE  OF  POWER  SUPPLY 


There  are  two  possible  sources  of  electrical  energy  between 
\vhirh  it  may  be  necessary  to  choose.     If  the  project  is  adjacent 
to  an  existing  community  or  power  development,  it  may  be  pos- 
siMe  to  pun- haw*  power.     If  no  existing  power  development  is 
availal'l'-.  it  will  be  necessary  to  construct  a  power  plar 
design  and  unli/c  pan  of  the  power  plant  of  the  indu«t 
meet  the  local  requirements.    These  two  possibilities  are  dis- 
cussed briefly  in  the  order  named. 

Purchase  from  Existing  Utility.— Whom  existing  power  de- 
velopments are  available  as  a  source  of  supply,  it  is  usually  more 
economical  to  purchase  power  than  to  generate  it.  This  is 
especially  tnu»  if  t  he  demand  is  only  such  as  to  require  construc- 
tion of  a  small  plant.  The  que>  dependability 
between  two  or  more  sources  of  supply  should  be  given  careful 
consideration.  There  may  be  more  than  one  existing  utility 
company  able  to  furnish  service.  It  may  further  develop  that 
the  service  which  can  be  furnished  from  an  existing  source,  may 
be  subject  to  interruption  or  breakdown,  such  that  the  con*t  ruc- 
tion of  a  local  plant  may  be  advisable,  unless  it  is  possible  to 
secure  a  guarantee  of  continuous  service  from  the  utility 
company. 

Three  main  factors  go  to  make  up  a  satisfactory  supply; 
namely,  com  imiit  y  of  service,  constancy  of  voltage  and  reasonable 
cost  to  the  consumer.  Purchase  of  power  from  existing  com- 
panies generally  increases  the  possibilities  of  the  first  two  and 
decreases  the  third.  This  method  reduces  the  overhead  expense 
of  financing,  engineering,  construction,  and  managing  the 
station  and  system.  It  places  the  responsibility  for  the  con- 
tinuity of  service  and  the  constancy  of  voltage  with  a  large 
ri.  which  can  well  afford  the  expert  advice  and  expense  of 
installation  most  likely  to  produce  these  results. 

Local  Generating  Station. — The  alternative  of  fWgning  and 
constructing  a  plant  to  supply  the  local  requirements  must  be 
followed  if  it  is  not  possible  to  purchase  power  from  an 
puMic  service  or  power  company.  Three  general  types  of 
plants  should  be  considered,  I  wined  on  the  type  of  prime  mover. 
These  are  (a)  the  steam  plant.  (6)  the  internal  combust  ion  engine 
plant,  and  (c)  the  hydraulic  plant,  which  is  possible  only  under 
favorable  surroundings. 

18 
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Steam  Plants. — The  coal  burning  steam  plant  is  the  most 
common  <>f  this  type.  It  will  be  necessary  to  choose  between 
reciprocating  steam  engine  and  steam  turbines  for  prime  movers. 
A  comparison  of  the  economy  of  these  two  types  of  prime  movers 
is  not  attempted  here,  but  should  be  made  on  the  basis  of  the 
particular  plant  in  question. 

The  possibility  of  using  by-product  steam  should  be  considered, 
since  it  < if i  en  makes  advantageous  the  construction  and  operat  i<  >n 
of  a  local  power  plant,  even  \\hcn  there  is  an  existing  and  avail- 
able source  of  supply.  Cases  will  arise  where  water  pumping 
stations  are  to  be  built,  or  when  t  he  size  of  the  development  may 
warrant  the  construction  of  a  modern  high  temperature  incinerat- 
ing or  refuse  disposal  plant.  In  the  first  case  exhaust  steam  may 
suffice  for  the  operation  of  electrical  units;  and  in  the  second,  t  In- 
direct steam  from  boilers  of  waste  destruction  units  can  well  be 
utilized  as  a  source  of  power  supply. 

Internal  Combustion  Units. — The  internal  combustion  engine 
using  natural  gas,  gasoline  or  fuel  oil  also  offers  possibilities  as 
a  prime  mover.  The  natural  gas  engine  is,  of  courser  limited  to 
territory  supplied  by  this  fuel.  The  gasoline  and  oil  engines  are 
not  so  limited.  The  recent  developments  in  the  Diesel  type  of 
internal  combustion  engine,  using  low  grade  fuels,  forces  the 
consideration  of  this  type  of  prime  mover,  especially  for  iso- 
lated plants  of  small  capacity. 

Hydro-Electric  Units. — If  water  power  is  available  in  suffi- 
cient quantity,  it  offers  attractive  possibilities  in  these  days  of 
increasing  costs  of  coal,  gas  and  oil.  The  cost  of  such  a  station, 
as  compared  to  the  other  types  and  the  time  it  would  take  to 
complete  the  development,  would  doubtless  considerably  exceed 
the  cost  and  time  of  development  of  the  other  types.  However, 
the  freedom  from  full  and  excessive  labor  charges  makes  such  a 
method  worthy  of  consideration.  The  permanency  and  ulti- 
mate requirements  of  the  project  determine  whether  or  not  the 
increased  expense  will  be  justifiable. 

Capacity. — The  capacity  of  an  electric  station  to  care  for  the 
needs  of  a  community  depends  so  much  upon  the  character  of  the 
community  and  the  habits  and  customs  of  its  people  that  average 
figures  must  be  used  with  caution.  In  small  villages  the  amount 
of  power  demand,  for  all  purposes,  may  be  0.05  kilowatt  per 
capita;  but  towns  and  cities  with  population  of  20,000  or  more 
need  about  0.1  kilowatt  per  capita. 
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The  BUM  of  a  plant  unY  ost  very  materially,  the  unit 

cost  being  much  greater  for  small  plant*  than  f<»r  the  larger  one*. 

plant*  of  leas  than  500  kilowatt*  capacity  the  unit  cost  is 

ul  to  be  between  $200  and  $300  per  kilowatt,  while  larger 

plant*  may  be  built  for  $200  to  $100  per  kilowatt. 

TRANSMISSION 

The  word  transmission  at  used  here  means  the  conveyance 

of  power  in  quantity,  at  comparatively  high  voltage,  from  a  gen- 
erating sill'  i  substation  in  the  development  This  is 
necessary  only  where  the  energy  is  purchased  or  generated  at  a 
distance  from  the  site  of  it*  application,  and  generally  obtains, 
if  at  all,  with  large  development*.  Three  factors  must  be  con- 
sidered. They  are:— 11.  Voltage  and  Frequei 
and  Line  Const  met  inn. 

Right  of  Way. — The  transmission  line  may  be  located  in  a 

private  right  of  way  or  on  the  public  highway.     The  voltage 

•  in  ployed  and  the  type  of  supporting  structures  will  largely 

determine  whether  or  not  the  highway  can  be  used.    ^Thile  the 

private  right  of  way  ha*  certain  advantages,  yet  for  any  except 

larger  and  higher  voltage  line*,  the  advantage*  of  using 

public  highways  are  probably  greater,  because  of  the  reduced 

•nse  in  construction  and  the  ease  of  access  both  for  inspection 

and  maintenance. 

Voltage. — The  voltage  of  the  transmission  line  is  determined 
largely  by  two  factors,  namely,  the  voltage  at  the  power  station, 
i  \\  hi.-h  d,  and  the  suitability  of  that  voltage 

for  the  parti  ngth  of  line  in  question.     For  example,  it  is 

entirely  possible  that  the  initial  voltage  of  transmission  or  stat 
from  which  the  energy  is  received  might  be  entirely  too  high  to 
be  practicable,  by  reason  of  expensive  supporting  structures 
and  insulation  re<|uire<l.     ( >n  the  mher  hand,  it  might  be  too  low 
•Miical  transmission  at  that  distance. 

If  r  il  voltage  i*  not  suitable  to  the  transmission  in 

question,  a  transformer  substation  will  be  necessary.  The 
standard  fmpi.  -n.  -i«  -s  in  the  Inited  States  are  25  and  60  cycle 
second.  Of  these  two,  the  lat  ter  i*  the  more  common  because 
lighting  installation*  are  rather  unsatisfactory  when  the  frv- 
<iu<  my  i*  lower  than  60  cycle*,  although  it  is  used  in  some 
eases  because  of  it*  advantages  in  m  rations. 
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Line  Construction.  The  exact  nature  of  the  supporting  struc- 
tures can  be  determined  only  !>y  con>idemtion  of  :dl  of  the  local 
roiKiitions.  '1  ructures  may  be  of  the  simple  pole  or  mast 

type,  of  A-frame  < -mist  run  ion  or  of  tower  construction.  The 
pole,  mast,  or  A-frame  types  can  be  made  of  wood,  steel  or 
reinforced  concrete.  The  tower  type  of  supporting  structure  is 
ordinarily  made  of  steel.  The  principal  factors  which  determine 
the  particular  type  are  the  cost  and  the  suitability  to  the  proposed 
location. 

Tl ie  choice  of  conductor  size  and  material  is  largely  a  question 
of  economy.  The  exact  size  will  be  determined  by  a  number  of 
factors  among  which  are  the  amount  of  power  to  be  transmitted, 
tin-  voltage  at  which  it  is  transmitted  and  the  length  of  tho  lint-. 
It  should  be  so  selected  that  the  annual  cost,  including  fixed 
charges  and  cost  of  energy  lost  in  the  line,  will  be  a  minimum, 
unless  the  requirements  of  necessary  mechanical  strength  and 
permissible  voltage  variation  at  the  receiver  end,  due  to  change 
in  load,  dictate  a  larger  size. 

DISTRIBUTION  SYSTEM 

The  distribution  system  begins  at  the  terminals  of  the  trans- 
mission line  and  consists  of  three  main  links,  viz.:  The  sub- 
station, at  which  energy  is  stepped  down  from  transmission  line 
voltage  to  primary  distribution  voltage;  the  primary  distribu- 
tion system  or  feeders;  the  secondary  distribution  system. 

Substations. — The  substation  is  always  necessary  where 
energy  is  purchased  or  generated  at  a  voltage  higher  than  the 
primary  distribution  voltage.  The  particular  type  of  sub- 
station and  equipment  which  it  must  contain  can  only  be  deter- 
mined by  the  consideration  of  the  requirement  of  the  community 
to  be  served. 

Simple  Transformer. — If  only  alternating  current  is  to  be 
distributed,  then  all  that  will  be  required  is  a  simple  transformer 
substation,  which  may  be  either  of  the  outdoor  or  indoor  type. 
Such  alternating  current  type  of  substation  is  to  be  desired,  both 
for  reason  of  lower  first  cost  and  lower  cost  of  operation. 

Rotary  Converter. — If  direct  current  must  be  provided  by  the 
sub-station  as  well  as  alternating  current,  then  recourse  must  be 
had  to  the  use  of  rotating  machinery  in  the  substation,  for  the 
conversion  of  alternating  to  direct  current.  The  rotating 
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machinery  may  be  either  in  the  form  of  a  motor  generator  or 
Mynchroooua  converter,  though  for  general  purposes  the  former 
i*  pn-f.-rahlr.  I iy  r.-a.-Mii  ..f  u.-  Kr.-at.-r  l!.-\:lulity.  In  rftfM  MM 
the  introduction  of  routing  machinery  involve*  not  only  addi- 
tional first  cost,  but  incrwuaxl  operating  expense,  aa  constant 
station  attendance  is  necessary.  In  the  eaae  of  the  simple  trans- 
former substation,  no  attendance  other  than  periodic  inspection 

I-,  nro-s>ary. 

Primary  Distribution.— The  primary  di  n  system   in- 

cludes the  lines,  or  feeders,  by  which  the  power  is  transmitted 
fmm  a  substation  to  the  stepping  down  transformer  nearest  the 
consumer's  premises.  The  study  for  such  system  involves 
-mi ilar  considerations  as  for  water  distribution;  namely,  a 
iiination  of  areas  or  soncs  of  such  use,  and  of  capacity 
and  extent  as  affecting  economical  design.  The  two  principal 
items  in  connection  with  the  design  of  the  primary  di 
system  are:— the  voltage  and  wl.  ngle-,  two-,  or  three- 

phase  current  be  used. 

Voltage  and  Phase. — It  is  almost  universal  practice  in  Aiu 
to  use  2300  volts  as  the  primary  distribution  voltage.  Single- 
phase  distribution  will  meet  all  the  requirements  of  a  lighting 
load.  If  a  power  load  is  to  be  supplied,  then  either  a  two-  or 
three-phase  system  must  be  used.  Of  these  the  three-phase 
system  is  the  more  economical  in  line  material  and  is  most 
commonly  used. 

Location. — Three    possibilities    present    themselves    for    the 

on  of  the  primar  -ution  system.     It  may  either  be 

located  on  the  streets,  in  the  alleys  or  on  an  easement.    Although 

it  has  been  common  in  the  past  to  use  the  streets,  this  is  to  be 

•  •d,  if  possible,  because  of  the  unsightly  appearances  if 

.•ad  lines  are  used,  and  because  of  i  to  traffic 

and  disturbance  to  pavements  when  extensions  or  changes  arc 

necessary  in  an  underground  system.    These  objections  indicate 

the  use  of  alleys  or  easement  const  run  inn. 

Overhead  or  Underground. — The  primary  distribution  system 
may  be  «•:  ud  as  has  become  the  pract 

all  small  American  communities,  or  it  may  be  entirely  under- 
ground, thus  rliniiiia-iiii:  the  unsightly  appearance  of  poles 
and  wires,  or  it  may  be  a  combination  of  overhead  and  under- 
ground. Overhead  distribution  is  cheaper  to  construct  and 
oftentimes  makes  possible  the  supply  of  electrical  energy  to 
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districts  where  the  possible  revenue  would  in  no  way  justify 
more  expensive  construction. 

On  the  other  hand,  overhead  construction  is  undoubtedly 
objectionable,  both  from  the  standpoint  of  the  appearance  as 
well  as  hazard.  In  the  downtown  or  business  districts,  where 
there  is  congestion  of  population,  the  hazards  incident  to  over- 
head construction  are  somewhat  greater  and  the  density  of 
demand  may  easily  justify  the  placing  of  all  the  wires  under- 
ground. In  high  class  residential  districts,  the  objection  to 
overhead  lines  on  aesthetic  grounds  may  warrant  the  placing  of 
the  wires  underground,  even  though  purely  economic  reasons 
would  indicate  overhead  construction. 

Overhead. — If  overhead  line  construction  is  determined  upon, 
the  factors  which  must  be  given  consideration  are  the  height  and 
spacing  of  poles,  the  size  of  conductor  and  the  location,  number 
and  size  of  distributing  transformers,  the  number  varying  in- 
versely as  their  size.  Whether  to  use  fewer  transformers  of 
larger  size  or  a  larger  number  of  transformers  of  smaller  size 
will  depend  almost  entirely  upon  the  density  of  demand. 

Underground. — If  underground  distribution  is  determined 
upon,  it  is  necessary  to  consider  the  various  duct  materials  avail- 
able, that  is,  vitrified  clay,  fibre  or  wood,  as  well  as  the  number  of 
such  ducts.  The  choice  of  material  for  ducts  involves  a  question 
of  first  costs,  construction  and  maintenance  and  may  depend 
upon  whether  or  not  it  is  desirable  to  place  other  utilities  under- 
ground at  the  same  time;  as  for  example,  telephone  cable  and 
police  and  fire  alarm  signal  wires.  Lead  covered  armored 
cable  laid  in  trenches  without  employing  ducts,  is  extensively 
used  in  street  lighting  circuits,  and  in  running  out  from  overhead 
construction  in  the  rear  of  the  houses  to  street  lights.  This 
should  be  remembered  as  the  use  of  ducts  is  not  necessarily  im- 
plied in  underground  construction. 

The  conductor  for  underground  distribution  will  be  in  the  form 
of  cable,  but  whether  single  or  multiple  conductor  will  depend 
upon  conditions.  The  one  essential  condition  for  satisfactory 
underground  construction  is  that  the  cable  must  be  protected 
by  a  flexible  metal  covering  which  is  absolutely  impervious  to 
water,  and  this  condition  dictates  the  use  of  lead  covering. 

The  spacing  of  manholes  for  a  duct  system  depends  not  only 
upon  the  distance  between  cross  streets,  but  also  upon  the  size 
and  weight  of  cables  to  be  drawn;  the  spacing  varies  from  150  to 
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400ft.  Tlu>  manhole  may  bo  of  the  single  compartment  type,  used 
exclusively  for  light  und  power  cable  or  for  telephone  and  fire 
alarm  cables.  They  are  usually  built  of  brick  or  concrete,  in 
rectangular  or  elliptical  plan  Some  projects  call  for  a  combina- 
tion manhole  for  telephone,  fire  alarm  and  lighting-power  service, 
the  two  being  separated  by  a  fire  proof  wall.  The  combination 
manhole  is  not  desirable  where  two-way  lateral  distribution  is 


Combination  Circuits— ll  is  not  probable  that  either  of  the 
foregoing  methods  can  be  used  exclusively  throughout  the  en  tin- 
be  served.  The  underground  system,  in  the  business 
district  and  higher  class  permanent  re»i«l< -ntial  districts,  might 
be  combined  with  the  overhead  construction  in  outlying  din- 
ts, thus  making  possible  an  economical  distribution  over  mu<  h 
wider  territory. 

In  working  out  the  general  arrangement  of  the  distribution 
system,  comparative  studies  and  estimates  should  be  made  and 
duo  regard  paid  to  the  economic  and  practical  features  of  the 
various  methods  previously  described.  A  location  might  be 
found  which  was  quite  advantageous  with  regard  to  the  primary 
and  secondary  circuits,  and  yet  make  difficult  and  expensive  tin* 
location  of  the  street  lighting  or  house  service  circuits.  While 
til*-  underground  installation  is  most  satisfactory,  in  that  it  has  no 
(I< 'tninental  effect  upon  the  aesthetics  of  town  planning,  yet  its 
cost  in  many  instances  is  prohibitive,  and  in  many  situations  it 
will  be  looked  upon  as  an  undue  and  uncalled-for  rcfineiu 

A  composite  plan  may  be  advantageously  worked  out.  which 
Must  ration,  might  include  underground  construction  on  park- 
ways, main  thoroughfares  in  the  vicinity  of  parks,  community 
centers,  etc. ;  primary  and  secondary  circuits  located  on  easements 
in  the  rear  of  the  houses;  in  some  cases  the  primary  circuits 
being  carried  on  pole  lines  in  alleys  or  easements  and  the  second- 
ary circuits  on  brackets  attached  to  the  houses,  insofar  as  house 
location  and  grouping  will  permit.  Street  lighting  of  important 
streets  and  places,  may  be  accomplished  by  using  ornamental 
light  posts  with  underground  armored  cable  circuits.  On  minor 
streets,  where  property  has  less  value,  street  lights  may  be  at- 
tached to  thirty  foot  poles,  served  by  loop  lines  from  the  overhead 
lines  in  the  rear  of  the  houses. 

Liability  of  lighting  trouble  and  interruption  of  service  renders 
combination  overhead  and  underground  on  the  same  circuit 
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an  undesirable  feature.     It  is  much  better,  as  indicated  above, 
put  some  circuits,  in  important  places,  completely  nnder- 
ground  and  others,  in  less  conspicuous  locations,  entirely  over- 
head. 

Secondary  Distribution. — Voltage. — The  service  voltage  for 
house  lighting  and  for  ordinary  household  appliances  has  been 
fixed  by  practice  at  110  volts.  Energy  may  be  supplied  at  this 
voltage  either  by  a  two-wire  circuit  at  110  volts,  or  by  a  three- 
wire  single-phase  circuit,  having  220  volts  between  the  outside 
wires  and  110  volts  between  cither  of  the  ouiside  wires  and  the 
middle  wire.  All  secondary  wiring  should  be  designed  so  that 
the  drop  between  the  transformer  and  any  point  on  the  distrib- 
uting lines  will  not  exceed  three  volts,  a  maximum  of  two  volts 
being  allowed  in  tlm  house  connections. 

Pole  Lines. — The  secondary  distribution  wiring  is  usually  car- 
ried on  the  same  poles  as  the  primary  distribution  circuits  when- 
ever these  will  serve.  For  this  purpose  additional  cross-arms 
may  be  required,  or  the  secondary  wires  may  be  carried  on  racks 
on  the  side  of  poles.  It  is  sometimes  desirable  to  distinguish 
between  the  primary  and  secondary  wiring,  either  by  charade  T- 
istic  construction  or  by  using  different  colored  insulators,  in  order 
that  linemen  may  work  on  the  lines  without  unnecessary  risks. 
The  standardized  rules  of  the  "National  Electric  Code"  of  the 
National  Board  of  Fire  Underwriters  and  the  National  Electric 
Safety  Code,  and  the  laws  and  regulations  of  state  and  municipal 
authorities  should  be  consulted  and  followed  for  the  purpose  of 
conforming  in  these  matters  to  the  public  policy  in  force. 

It  will  probably  be  necessary  to  set  additional  poles  for  second- 
ary distribution  wiring  in  order  to  shorten  the  service  leads  from 
the  pole  to  the  consumer's  premises.  These  poles  usually  need 
not  be  so  high  as  those  carrying  primary  distribution  lines  and 
need  not  carry  cross-arms,  and  are  consequently  less  expensive. 
Where  the  arrangement  of  buildings  is  such  as  to  permit  the 
same,  secondary  circuit  or  service  connection  may  be  carried 
directly  from  one  building  to  the  next,  and  thus  serve  a  number 
of  buildings.  It  is  questionable  whether  the  us«  of  A-frames  for 
carrying  secondary,  lines  over  houses  is  as  practicable  as  carrying 
the  wires  on  brackets  attached  to  the  houses.  This  latter  pi 
tice  is  quite  general  in  the  vicinity  of  Philadelphia,  and  was  ex- 
tensively followed  by  the  Emergency  Fleet  Corporation  in  its 
housing  work  with  satisfactory  results. 
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Underground. — If  primary  distribution  w  underground,  the 
step-down  transformer*  will  U>  l.,,-.-it,  ,1  in  manholes  and  the 
secondary  distribution  uill  aluo  lx>  underground.     A  single  eon- 
ystcin  may  serve-  for  In.ih  pr.  nd  teeoodary  distribu- 

tion, but  if  the  street  -  results  in  long  service  or 

lateral  connections,  which  may  justify  the  con  o  of  a  par- 

allel conduit  lino  on  the  opposite  side  of  the  street,  for  the  purpose 
of  carrying  secondary  di  >  only. 

Services. — Whether  a  separate  service  connection  is  necessary 
for  each  individual  consumer  or  not  will  depend  largely  upon 
the  arrangement  and  density  of  tin-  buildings  to  be  served. 
Under  certain  conditions  a  single  service  connection  may  serve 
several  buildings,  the  building-  ..nn<-< -r.-d  by  intermediate 

connections  through  frames  on  the  side  walls,  or  through  the 
basement  walls,  or  by  overhead  wires  or  brackets  attached  to 
the  houses.  This  single  service  for  two  or  more  has  the  disad- 
vantage that  an  interrupt  inn  to  a  single  service  connection  will 
pie  the  service  to  all  the  buildings  which  it  supplies. 

Illustration  of  Types  of  Distribution.— Poles  located  on  st 
are  an  eye  sore.     Unsightly  poles  destroy  an  otherwise  beautiful 
vista.     The  advisabtlr  initiation  from  the  streets  resolves 

itself  into  this  question:  Are  the  advantages  obtained  by  Tin- 
removal  of  the  poles  from  the  streets  commensurate  with  the 
added  cost? 

There  are  several  ways  by  which  t  his  may  be  done.  Many  of 
the  overhead  wires  may  be  eliminated  from  t  ho  street  by  carrying 
all  wires,  except  those  required  for  street  lighting,  on  poles  at 
the  rear  of  the  buildings  in  easements  or  alleys.  Poles  may  be 
e\-  hided  from  the  rear  of  the  buildings,  by  carrying  the  wires  on 
brackets  attach* -d  t..  the  rear  wall  of  the  buildings  thereby  also 
making  a  financial  saving.  Such  use  of  brackets  is  advantageous 
\vh.-n  grouping  of  houses  pennits.  They  are  not  only  lees  un- 
sightly than  pole  lines,  but  also  effect  a  saving.  The  following 
paragraphs  illustrate  the  estimated  amounts  of  the  differences 
in  cost  by  use  of  several  methods  of  construction 

Noreg  Village. — Comparative  studies  and  estimates  were  made 
by  the  Housing  Division  of  the  Emery  oration  in 

connection  with  this  installation  near  Gloucester,  N.  J  .  for  the 
purpose  of  showing  the  differences  in  cost  by  use  of  varying 
methods  of  distribution  of  circuits.  Service  was  to  be  supplied 
for  a  village  of  488  houses,  including  street  lighting,  and  power 
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for  the  operation  of  a  small  sewage  pump.  The  costs  given  do 
not  include  transmission  lines  from  a  sub-station  to  the  project. 
The  statements  of  the  various  schemes  and  the  total  estimated 
cost  thereof,  of  all  circuits  and  appurtenances,  as  of  February, 
1919,  were  as  follows: 

Scheme  A. — With  street  lighting  and  primary  wires  carried  on  the 
poles  on  the  streets,  secondary  wires  on  pole  lines  in  rear  of  houses,  in 
conformity  with  local  practice;  estimated  cost  $17,600. 

Scheme  B. — Arrangement  same  as  above,  except  secondary  circuits 
carried  on  house  brackets,  instead  of  pole  lines  in  easements;  estimated 
cost  $13,800. 

Scheme  C. — Street  lighting  circuits  on  poles  on  streets,  primary  and 
secondary  domestic  circuits  on  poles  in  rear;  estimnt.  <1  cost  $19,800 

Scheme  D. — Same  as  above,  except  house  lighting,  secondary  circuits 
carried  on  house  brackets;  estimated  cost  $16,400. 

Scheme  E. — Street  lighting  circuits  using  cable  in  fibre  duct,  prim.iry 
and  secondary  house  lighting  circuits,  on  poles  in  rear  of  houses;  c-ti- 
mated  cost  $25,800;  armored  cable  instead  of  fibre  ducts  would  cost 
$900.00  less. 

Scheme  F — Arrangement  as  above,  except  secondary  house  lighting 
circuits  on  bracket  construction ;  estimated  cost  $22,400. 

UTILIZATION 

The  applications  of  electricity  to  the  service  of  any  communit  y 
may  be  classified  as  street  lighting,  house  lighting  and  the  various 
forms  of  power  use. 

Street  Lighting. — History. — Numerous  forms  and  types  of 
lighting  units  have  been  employed  from  time  to  time  in  street 
lighting.  The  earliest  was  the  open  carbon  arc,  using  solid 
carbons;  this  was  later  superseded  by  the  enclosed  carbon  arc, 
which  had  the  advantage  of  a  longer  burning  period.  Other 
types  of  arc  lamps  have  been  developed,  including  the  magnetite 
lamp  and  other  forms  of  flaming  arcs  of  greater  illuminating 
power  and  higher  efficiency. 

The  incandescent  lamp  has  also  been  developed  to  compete 
with  the  arc  lamps  for  street  lighting,  but  these  were  later  super- 
seded by  the  tungsten  filament,  "Mazda  B"  or  vacuum  type, 
which  was  in  turn  supplanted  by  the  gas  filled  "Mazda  C' 
type  of  tungsten  lamp.  This  latter  type  has  an  efficiency  as 
high  as  one-half  watt  per  candle  and  is  rapidly  replacing  all  other 
forms  of  units  for  street  lighting.  Because  of  their  smaller  candle 
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power  and  cheapness,  incandescent  lamps  \» -rum  of  varied  use 
.•iri.l  much  greater  flexibility  in  application  t hon  is  possible  with 
are  lamps.  A  larger  number  of  small  site  units  may  be  used  to 
secure  uniform  illumination  and  greater  attention  may  be  paid 

Too  much  attention  cannot  bo  given  to  the  street  liy 
PI..J.I.-IM  in  iiuiiKinK  developments,  as  the  choice  of  street  Imh-- 
. stein  very  often  dictates  the  type  of  <li-tnl  onion  which 
.-hall  lie  used,  and  thus  the  effect  upon  the  street  appearance. 

Method*.— The  methods  of  supplying  power  to  street  lamps 
may  be  classified  under  constant  \>  or  multiple)  and  con- 

stant (or  series)  systems.     In  the  constant  pot* 

system,  the  illuminating  units  on  any  one  :ire  connected 

in  parallel  precisely  as  in  residence  lighting.    This  system  is 

.-  used  except  in  special  cases  of  very  short  lines,  the 
objection  being  the  large  amount  of  copper  required.  This  fea- 
ture was  early  recognised  and  constant  current  systems  have  been 
developed  to  permit  t  he  use  of  a  small  sized  conductor  by  connect- 
ing the  various  units  on  any  one  circuit  in  series.  In  this  later 
system,  any  of  the  various  types  of  arc  or  series  incandescent 
lamps  may  be  used. 

Constant  Current. — In  the  constant  current  system,  a  trans- 
former an'  n>l<  the  voltage  of  the  lamp  circuit 
to  maintain  constant  current,  regardless  of  the  number  of  lamps 
burning.  When  a  lamp  burns  out,  an  automatic  device,  located 
in  the  socket  of  each  lamp,  maintains  the  continuity  of  the 
nt. 

I'ntil  recent  years  it  was  the  custom  to  employ  long  cir 
leading  from  the  constant   cum  nt   transformers  in  the  power 
station  through  a  large  nun  lamps   and  back   t<>  the 

transform  a  hmh  voltage  necessary  to  light  all 

lamps  to  their  normal  brilliancy.  The  objections  to  this  method 
were: 

(a)  High  cost,  due  to  t!..-  necessity  of  running  separate  wires  for 

uit  from  a  central  point. 

(fc)  The  danger  from  coming  in  contact  with  poles  or  lamps  when 
the  line  becomes  grounded. 

(f)  That  any  accident   t.  -m.-itir  lamp  cutout  or  break  in 

t  puta  all  lamps  on  that  circuit  out  of  commission. 

To  overcome  these  objections  a  method  has  been  developed, 
in  which  the  lamp  current  is  derived  from  a  5  to  1<  con- 
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slant  current  transform. T.  from  the  2300  volt  constant  po- 
tential network.  These  constant  cm-rent  transformers  feed 
25  to  50  lamps  on  short  loops  of  relatively  low  voltage. 
advantages  are: 

(a)  Lower  cost,  due  to  the  use  of  the  general  distribution 

(6)  In  case  of  accident    to  automatic  lamp  cutout  or  low  voltage 

cable  break,  only  a  small  number  of  lamps  will  be  out  of  commission. 

Types  of  Lamps. — Where  a  new  installation  is  to  be  made  and 
la  ti  UK  le  in  design  is  not  restricted  by  existing  conditions,  ilie  recom- 
mended type  of  installation  is  the  highly  efficient,  liiudi  intensity 
gas-tilled  incandescent  lamps.  This  may  be  used  in  either  con- 
stant potential  or  constant  current  systems  and  is  favored  for 
reasons  of  economy  ami  better  illuminal  inj:  effects.  Tin- lamps 
are  made  in  candle  power  ranging  from  50  to  1000. 

Present  practice  indicates  a  tendency  towards  the  ultimate 
replacement  of  all  arc  lighting  units  by  some  one  of  the  incan- 
descent types.  This  is  largely  accounted  for  by  the  lesser  first 
cost,  low  maintenance  and  more  satisfactory  illumination  of  the 
incandescent  type.  Maximum  illumination  value  can  be  ob- 
tained by  those  lamps  which  throw  most  of  their  li^ht  1  •"> 
degrees  below  the  horizontal,  and  a  minimum  almost  upward  or 
downward. 

Spacing. — Street  lighting  in  general,  aside  from  the  type  of 
unit  employed,  has  undergone  remarkable  changes  in  recent 
years.  Formerly  the  system  of  "spot -lighting",  by  locating 
units  at  each  street  intersection  was  deemed  sufficient.  The 
present  practice,  indicates,  for  business  as  well  as  the  residential 
district,  a  more  uniform  street  illumination.  This  can  best  be 
obtained  by  using  a  larger  number  of  smaller  intensity  units 
spaced  anywhere  from  100  ft.  to  250  ft.  apart.  These  are  pref- 
erably arranged  on  each  side  of  the  street,  either  opposite  each 
other  or  in  staggered  rows. 

The  spacing  and  intensity  of  the  lamp  should  be  varied  to  suit 
the  requirements.  Good  practice  in  this  n -•  indicated  by 

the  following:  In  business  districts,  250  candle*  ix>wcr  lights, 
spaced  from  100  to  200  feet  apart;  or  400  candle  power  lights, 
spaced  from  200  to  400  feet  apart.  In  residence  districts,  100 
candle  power  lights,  spaced  from  100  to  300  feet  apart;  or  250 
candle  power  lights,  spaced  from  200  to  400  feet  apart. 
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•  Pole*.— In  the  early  days  of  street  lighting  the  entire  distribut- 
ing system  was  located  on  pole  lines  in  the  street,  in  preference 
to  alleys  and  side  streets,  in  order  that  a  con  mounting 

•  be  obtained  for  the  light  ing  unit*.  This  is  no  longer  con- 
sidered necessary,  as  where  proper  street  illumination  requires 
closer  spacing  and  more  ornamental  effect,  there  can  be  no  reason- 
able grounds  for  retaining  the  pole  linen  in  the  streets.  The 
light  s(:md  ml  may  be  served  from  dint  nlmt ing  lines  on  alley  or 
easement  lex  idual  overhead  loops  or 

armored  cable  in  shallow  trenches  along  property  lines. 

Various  types  of  lighting  standard*  or  pouts  may  be  used,  con- 
/  of  i unshed  wood,  concrete  or  steel  poles;  the  latter  two 
being  d^g1**!  for  ornamental  effect.  These  poles  range  any- 
where from  10  ft.  to  30  ft .  in  ln-inht .  depending  upon  the  spacing 
and  the  intensity  of  illumination  desired.  Poles  may  frequently 
be  made  relatively  inconspicuous  where  necessarily  placed  on 
streets,  by  locating  them  next  to  the  curb  in  the  planting  space 
and  wires  supported  at  such  a  height  as  to  pass  under  the  limbs 
of  trees. 

Transformers. — When  overhead  loops  are  used  for  the  lamp 
rm-uiK.  they  are  served  from  constant  current  transformers 
mounted  on  th<>  ;x>l<  .Luting  system  is  underground 

ransformers  are  located  in  manholes.  If  these  constant 
run  mt  t  ran -formers  are  served  by  short  separate  2300 
cirruits.  terminating  at  the  substation  or  some  municipal  Imild- 
ing,  where  attendance  is  available,  the  lights  are  controlled 
l»y  manually  operated  switches.  Otherwise,  the  control  is  by 
an  automatic  switch  actuated  by  a  clock,  installed  at  the 
transform 

Residence  Service. — Lighting. — House  lighting  at  the  present 
t  itne  has  become  well  standardized,  in  that  each  house  is  provided 
wit  h  a  two  wire  system  and  is  served  by  a  pair  of  1 10  volt  service 
lines.  In  larger  buldings,  the  three  wire  110-220  volt  system  is 
commonly  installed  because  a  saving  in  copper  is  secured  by  its 
use.  In  this  case  a  three  wire  service  is  required.  Either  service 
may  terminate  in  the  basement  or  the  UPJXT  floor  of  the  house 
where  the  meter  and  cutout  panel  are  located. 

The  average  unit  for  most  residential  lighting  is  the  25  watt 
tungsten  lamp  and  the  power  consumption  for  the  average  six 
or  eight  room  dwelling  will  be  from  10  to  20  kilowatt  hours  per 
month. 
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Power  Application. — ID  the  average  residential  development, 
power  applications  are  usually  limited  to  small  fractional  horse 
power  motors  for  washing,  ironing,  cleaning,  and  cooking  and 
heating  appliances  of  various  kinds.  These,  in  the  in.ijmit \  of 
funm,  may  be  served  from  tin-  low  voltage  distribution  system. 
In  the  case  of  small  shops  and  industrial  applications  requiring 
larger  motors,  the  service  is  direct  from  the  2300  volt  distribution 
system. 

The  largest  size  motor  to  be  supplied  from  either  of  these 
systems  <lej>ends  largely  upon  the  policy  of  the  public  service 
company  furnishing  the  current  and  is  governed  by  the  maximum 
allowable  voltage  disturbance  which  a  given  size  motor  will 
produce.  There  may  be  other  installations  used,  such  as  battery 
charging  stations,  school  and  industrial  laboratories,  etc.,  but 
these  do  not  in  general  call  for  special  service  or  conduit  >. 

Miscellaneous  Service. — Fire  and  Police  Call. — For  either  fire 
alarm  or  police  call  systems,  it  is  customary  to  purchase  one  <>f 
the  several  standard  systems  which  are  on  the  market.  The 
installation  of  these  may  involve  overhead  or  underground  wiring. 
and  logically  follows  the  practice  which  may  have  been  used  in 
laying  out  the  street  lighting  system. 

The  wiring  may  be  looped  from  the  call  boxes  by  underground 
cable,  overhead  to  alley  or  easement  pole  line  construction.  Or 
it  may  be  carried  underground  in  the  same  conduit  system  with 
the  lighting  circuits,  if  this  plan  be  used  for  general  distribution. 

Telephone  and  Telegraph. — After  having  determined  upon  the 
design  and  location  of  the  various  lighting  and  power  distribution 
systems,  the  telephone  and  telegraph  wires  and  cable  logically 
follow  the  same  scheme.  Lead  covered  telephone  cable  may  be 
carried  on  main  distributing  pole  lines,  with  clearance  according 
to  the  requirements  of  the  telephone  company  under  whose  juris- 
diction the  work  may  be  done.  The  cable  is  usually  carried 
to  sectional  centers,  from  which  twisted  pairs  are  run  to  the  sub- 
scribers on  racks  on  the  low  voltage  distributing  poles,  or  in 
some  cases  are  distributed  along  the  rear  of  the  houses  themselves. 

Large  installations,  involving  a  great  amount  of  telegraph  <lis- 
tribut  ion,  make  use  of  the  telephone  wires  for  this  purpose,  involv- 
ing the  simultaneous  use  of  the  wires  for  both  telephone 
and  telegraph.  In  any  case  the  same  system  of  poles  or  conduits 
can  be  used  for  telegraph  distribution  as  is  planned  for  the  tele- 
phone system. 


./>  KI.Ki'TMC  8BR\  l 


PLANS  AND  SPECIFICATIONS 

In  the  preparation  of  plan*  for  a  proposed  electrical  system 
development.  (hi*  drawiofi  should  show  clearly 

tin-  \\li.-i,-  -N  .!.!;,  Mthn  Inn-  :u,.l  symbols,  including 

street,  M.M-k  ami  l..»  lines  and  location  of  houses. 

Instruction  for  Plans.—  The  general  plan  should  show  th<- 
following: 

I  .  location  of  the  various  circuit*,  and  type  of  construction,  as  over- 
head or  underur..iind 

2.  Loan  tig  height  and  location  of  guys. 

tniii»forinrr  -tations. 

4.  Location  -hu,  site  and  type  of  lamp. 

5.  Location  and  kind  «-i  hou-< 

6.  Voltage,  sise  and  numlxT  of  \\iros. 

7.  Location,  capacity  and  type  of   tr  n-  farmer*  ,  primary  circuit, 
branch  line  cutouts. 

8.  Location  of  lighting  arresters,  and  secondary  rirniit  brunches. 

0.  Location,  kind  an.  I  iimiilx-r  of  du«-N  .,i"  underground  lines,  together 
with  the  location  of  all  manholes,  junction  l*>xe*  and  connections. 
10.  Location  of  police  and  fire  alann  signal  boxes;  all  wiring  for  same. 

II  luxation   of    telephone  cables  and  twisted  pair  house  service 
sonteUooii 

1J  1  >.  •  .  .  i  plans  should  likewise  be  prepared,  showing  the  design 
and  arrangement  to  be  followed  in  overhead  and  underground  construc- 
tion. Imu-r  line  rirmt-.  tran-fonner  mounting.  >treet  li^htinK  fixtures, 
manholes,  junction  boxes,  and  <  :  >urtenances. 

•    >hould  also  be  detailed  drawings  of  the  substations  or 
transformer  stations  required,  showing  all  fcas  fa   and  about 

the  •  he  detailed  layout,  with  complete  swiu-hl>oanl  and  station- 

Specifications.  —  When-  th<>  installation  is  made  by  a  utility 
company  as  an  extension  of  tl  mg  system,  tin-  general 

praetic.  in  regard  to  construe!  i«>n  features  can  be  followed,  pro- 
\  ided  satisfactory  results  can  be  scrim  -d.  \\  h.  n-  a  new  instal- 
latmn  is  to  be  made,  the  construction  >|x  <  iii<  at  ions  should  U-  in 
detail,  so  as  to  insure  satisfactory  workmanship,  materials  and 

Such  speriti<  arions  should  be  built  around  the  general  plans 

i  above,  should  cover   in  detail  all  the  constnirtu.n  and 

installation  requirements  common  to  the  best  work.    Quality 

and  depth  of  setting,  cross  arms  and  pin,  details  of  poles; 
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and  insulation  of  wire,  types  and  size  of  inHil  tails  of 

other  units  shown  on  plans  should  all  be  carefully  specified. 

Specifications  covering  street  lighting  should  give  detail-  of 
pole  construction  and  spacing,  the  type  and  method  of  burying 
underground  trench  cable  and  method  of  attachment  to  pole 
lines.  The  size  of  units  in  candle  power  for  the  dim-rent  street 
locations  should  be  indicated  and  an  illumination  curve  showing 
the  intensity  of  street  illumination  at  different  points  between 
units  should  be  provided. 

ILLUSTRATIONS  OF  INSTALLATIONS 

The  general  practice  followed  by  the  Housing  Division  of  the 
United  States  Shipping  Board,  Emergency  Fleet  Corporation 
in  several  typical  examples  of  electrical  installations  will  be 
illustrated  by  the  plans  of  layouts  at  Buckman  Village,  Chester, 
Pa.  and  at  Atlantic  Heights  Development  at  Portsmouth,  N.  H. 
There  is  also  described  a  layout  for  Loveland  Farms,  con- 
structed for  the  Youngstown  Sheet  &  Tube  Company  about  the 
same  time. 

Buckman  Village. — The  installation  at  Buckman  Village,  which 
is  illustrated  in  Fig.  40,  was  so  arranged  that  to  a  large  extent 
the  various  circuits  were  carried  on  pole  lines,  located  along  the 
alleys  in  the  rear  of  the  houses.  The  2400  volt  primary  circuit 
was  extended  from  the  existing  system  of  the  utility  company, 
and  enters  the  project  on  a  pole  line,  located  on  the  main  ap- 
proach streets.  The  appearance  of  the  project  in  this  vicinity, 
which  otherwise  has  many  very  attractive  features,  is  depreciated 
to  a  considerable  extent.  In  this  case  it  was  impossible  to  incur 
the  additional  expense  of  placing  the  incoming  line  underground. 

The  primary  line  extended  from  Keystone  Street,  a  short 
distance  from  Eleventh  Street,  to  an  alley  running  parallel  to 
the  longer  axis  of  the  development  and  lying  between  Keystone 
Road  and  Meadow  Lane.  It  is  carried  along  this  alley  to  Twclf  t  h 
Street  and  thence  up  Twelfth  Street  to  the  boundary  of  the  prop- 
erty. The  location  of  the  pole  line  on  Twelfth  Street  is  unim- 
portant, as  the  layout  is  such  that  the  houses  do  not  front  on  this 
street.  The  domestic  secondary  (>>r<uit  is  taken  off  theoverhead 
primary  line  and  run  on  poles  located  in  the  various  alleys, 
then  over  to  the  rear  of  the  houses  and  thence  distributed  on 
house  brackets.  This  latter  arrangement  is  economical,  owing 
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fa.  t  that  l.ml.liiiip  arc  of  the  row  type,  and  the  necawity 
for  fn-qu.  .-c  connection*  from  the?  polo  line  it  thus  obvi- 


^-y^p^y-^v^^: 


'.:lit  Inir  <MP  nits  are  carried  on  the  same  pole  line  as 
tin-  primary  and  secondary  domestic  circuit*.  Where  thelnttrr 
lines  an-  not  located  on  the  streets,  thr  li^lit  c«.nnr<Mi<»n  was  made 
by  running  overhead  loops  from  the  pole  lines  in  the  easements 
to  the  street.  The  loop  lines  were  so  located  as  to  pass  between 
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200 


"KIM.   //' 


groups  of  buildings.  l.\«  |>t  \vln-n-  tin*  poles  were  Incited  on 
tin-  approach  streets  to  tin-  pmj.-rt.  ih«-  linn-nil  cl'iVct  of  the  in- 
stallation is  very  satisfactory  from  the  standpoint  of  appearance 
and  at  the  same  time  no  additional  cost  was  incurred  in  placing 
the  wires  underground. 

Atlantic  Heights. — The  installation  at  Portsmouth,  N.  H., 
\\hilr  similar  in  many  respects  to  the  one  just  described,  had 
these  differences.  Tin-  primary  lines  were  kept  off  the  streets 


Pole  Location 
250  C.P.  Type  C  Mai  da 
i '"'Mast  Arm 


_  .  —  2300  Volt  Primary  Line  2-*6 

Wire  Single  Phase 
II5/230  Secondary  Buss  Line 

3 -# 6  Wire 

—  Series  Street  Lighting  *6 Wire 
-*-. H-  Underground  Cablese,  Lead 
Covered,  5000  Volt 

&         Trans  form  er  L  oca  tion 
Service  Connections  to  2  Family 
Houses  Z-#8Wire 


'  NOTE:  Connection  made  to 

•  ?300  volt  primary  lines  of 

\!  Rockincfham  County  Light 

'  a  Power  Co.  Horthv/fsr  and 

Mafjlewood  Ave.  about  tj> 


nouses  t-^orvire  ..r  ,..        ,,.,..,.,,,     .c 

Service  Connection*  to  Block  House^d  Wire-  ****  from  development 


Fio.  41. — Plan  of  electrical  distribution  system  of  the  Portsmouth,  N.  H. 
housing  project  of  the  Emergency  Fleet  Corporation. 

<  -ntiroly  and  located  in  easements  in  the  rear  of  the  houses,  as 
alleys  were  not  provided.  The  house  services  were  extended 
from  the  poles  in  the  rear  instead  of  being  carried  on  brackets, 
this  being  preferable,  since  many  of  the  houses  were  of  the  semi- 
detached type. 

Connections  to  the  street  lights  were  made  by  extending  the 
overhead  construction  from  the  points  where  the  lighting  cirmits 
crossed  the  streets,  and  sometimes  by  looping  out  from  the  pole 
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lines  on  the  easements.  Therefore,  some  poles  and  short  runs 
of  overhead  constriction  are  placed  on  the  streets,  but  they  are 
so  few  as  to  be  relatively  insignificant  and  do  not  detract  from 


the  general  satisfactory  appearance.  Street  lights  are  of  100 
candle  power,  of  the  series  incandescent  type,  carried  on  brackets 
attached  to  wooden  poke. 
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Underground  construction  was  used  for  carrying  the  street 
lighting  circuits  of  Kcarsarge  Street  and  Treble  Way,  so  as  to 
avoid  affecting  the  appearance  of  this  intersection,  at  which  point 
there  is  a  small  park.  The  plan  of  the  arrangement  can  be  ex- 
amined in  the  illustration  shown  in  Fig.  41. 

Lovelatid  Farms. — The  features  of  the  installation  made  for  a 
housing  development  for  the  skilled  employees  of  an  industrial 
corporation  at  Youngstown,  Ohio,  known  as  the  Lovcland  Farms 
Development,  are  of  interest,  because  of  the  attractiveness  ob- 
tained without  unduly  adding  to  the  cost.  The  primary  and 
secondary  house  lighting  circuits  were  carried  entirely  on  pole 
lines,  located  in  the  easements  in  the  rear  of  the  houses,  and  tin -re 
are  no  poles  on  the  streets  except  where  these  lines  make  crossings. 

The  street  lighting  system  is  supplied  by  underground  series 
circuits,  ten  in  number,  each  feeding  approximately  31  lamps 
spaced  from  125  to  150  feet  apart.  The  street  lighting  primary 
lines  of  2300  volts,  3-phase,  60  cycle  current  were  carried  on  the 
same  poles  which  carried  the  house  lighting  circuits.  The  sec- 
ondary street  lighting  circuits  were  of  armored  cable,  laid  without 
the  use  of  conduit,  in  narrow  trenches  about  15  in.  deep,  located 
between  the  curb  and  the  sidewalk.  The  arrangement  of  the 
street  lighting  circuit  and  light  locations,  is  shown  in  Fig.  42. 
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HOUSES  FOR  FAMILIES 
HARM   AND    REQUIREMENT*— TYPE*   AND  GROUPING  OP 

•USES  AND  ACCESSORIES—  BUILDING  TECHNIQUE — DETER- 
MINATION OP  ACCOMMODATIONS  REQUIRED 

Introduction.— What  ia  a  Home?  Adams,  in  ''Housing  Prob- 
lems in  America,"  answers  "  It  is  not  a  mere  place  of  shelter  in 
modern  democracy.  It  must  provide  conditions  that  will  pro- 
mote effici*  IK  y  in  labor  and  strength  of  character  in  <  itizenahip." 
Going  further,  he  says  "The  home  connotes  the  family;  and  th<- 
f:umly  and  not  the  individual  is  the  unit  of  the  civil  struct un». 
A  true  housing  policy  must  go  further  than  improving  or  pro- 
viding dwellings,  it  must  be  a  part  of  a  comprehensive  policy  of 
town  and  country  developnn 

If  these  views  are  accepted — and  they  would  seem  to  be  above 
dispute — then  we  will  realize  how  important  is  the  problem  of 
offering  suggestions  which  may  serve  as  a  guide  in  the  producing 
of  better  dwellings  to  serve  as  homes.  What  then  is  necessary 
to  "  provide  conditions  that  will  promote  efficiency  in  labor  and 
th  of  character  in  <  irizenship"?  Primarily,  a  house  in 
which  it  will  be  possible  for  such  conditions  to  exist  as  well  as 
promote  human  welfare:  this  states  the  minimum  requirements 
of  an  industrial  worker's  dwelling. 

Various   opinions   concerning   these   minimum   requirements 

have  been  expressed  and,  if  nothing  more  came  therefrom,  they 

have  at  least  served  to  stimulate  thought  u|x>n  th.-  matter,  by 

•  nhv  ning  discussion  on  the  part  of  deeply  interested  people. 

ropose  in  this  chapter  to  consider  some  of  them. 

STANDARDS  AND  REQUIREMENTS 

Basis  for  Standards.  B«  fore  attempting  to  list  suggested 
standards,  we  must  keep  in  mind  certain  basic  factors  which  have 
a  determining  influence. 
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Permissible  Rental. — In  a  housing  development,  built  I'm-  rental 
purposes,  the  relation  of  the  sum  the  wage  earner  can  afford  to 
pay,  to  the  amount  of  the  investment,  oilers  a  serious  difficulty 
in  arriving  at  minimum  requirements.  If  standards  are  s 
gestod  that  will  fully  realize  ideals  as  to  what  the  home  should 
offer,  the  cost  will  be  so  high  that  even  a  modest  profit  on  the 
money  invested  will  place  the  rental  beyond  what  the  wage 
earners  ran  afford  to  pay.  Whereas,  if  the  standard  be  deter- 
mined by  the  rental  within  the  reach  of  the  working  man.  then 
the  conveniences  and  accommodations  offered  will  he,  below 
what  should  be  considered  adequate,  and  we  will  have  failed  to 
meet  the  problem.  The  conditions  are  equally  puzzling  in  til-- 
development built  for  sales. 

When  the  subject  is  looked  squarely  in  the  face,  we  find  there 
are  but  two  ways  out  of  the  difficulty;  either  (1)  reduction  in  the 
cost  of  building  to  the  workmen,  or,  (2)  rise  in  income  which 
will  allow  the  man  to  pay  more  rent.  Individual  industries  may 
solve  their  own  problems  by  writing  off  enough  of  the  invest  m<  nt 
to  bring  the  relationship  to  a  normal  basis.  This,  however,  does 
not  dispose  of  the  question  as  far  as  the  masses  are  concerned. 
Assistance  from  governmental  sources  has  been  suggested,  but 
has  not  been  favorably  received.  Regardless  of  how  solution 
may  be  affected,  the  standard  must  be  such  as  to  provide  for  t  he 
safety,  health  and  comfort  of  the  worker  and  his  family. 

Cost  a  Factor. — The  housing  planned  by  the  Federal  Govern- 
ment for  war  workers  was,  for  the  most  part,  designed  to  serve 
the  skilled  workmen  rather  than  common  labor;  also,  under  the 
stress  of  war,  cost  was  not  so  important  an  element  as  in  pre- 
and  post-war  periods. 

Housing  for  the  skilled  worker  does  not  offer  serious  difficult  ies; 
it  may  be  considered  as  fairly  well  solved  in  many  instances. 
It  is  suitable  housing  for  unskilled  labor  that  is  causing  the 
greatest  concern  at  the  present  time.  The  laborer's  family 
on  the  average  is  as  large  and  in  many  cases  larger  than  that  of 
the  skilled  worker.  High  cost  of  food,  clothing,  fuel  and  the 
necessities  of  life  are  the  same  for  the  former  as  the  latter. 
Frequently,  therefore,  the  difference  in  wage  scale  is  reflected 
in  the  contrast  of  living  conditions,  which  is  unfortunate  and 
profoundly  affects  the  stability  of  our  industrial  life.  How 
then  ran  the  essentials  of  decency  and  hygiene,  not  to  speak  of 
the  so-called  luxuries,  be  provided  for  the  unskilled  worker  and 
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his  family,  t<>  the  point  req  rontrntment  and  happiness 

are  to  prevail?  This  is  the  great  problem  of  Industrial  Homing 
and  in  its  solution  lice  in  great  measure  the  aafety  of  our  whole 
social  !••  .  Chapter  II  discusses  this  problem  in  general. 

In  tUl  n  ipter  the  savings  in  house  details  and  appurtenances 
which  will  promote  the  desired  result  will  be  considered. 

Other  Influences  on  Standard*. — Building  codes,  housing  laws 
and  similar  restricting  ordinances,  where  existent,  will  and  do 
affect  standard  requirements.  Where  unduly  onerous-— and  in 
some  cases  this  is  true— attempt  may  well  be  made  to  mo 
some  unnecessary  features  thereof.  In  addition,  there  are 
purely  fabricativc  considerations.  For  instance,  the  house  must 
be  a  sound  shelter  from  the  elements;  it  must  be  substantial  and 
subject  to  as  lr  ri  oral  ion  as  possible;  it  must  afford  a 

proper  amount  of  li^ht  and  ventilation,  and  must  contain  neces- 
sary equipment  for  lighting  and  heating  and  sanitation. 

Standards  from  Experience. — As  a  means  of  determining  what 
the  workers  really  want,  one  large  concern  eirculated  question- 
naires throughout  three  of  its  developments  representing  a  total 
of  five  hundred  houses.  These  included  a  number  of  items  for 
the  purpose  of  developing  what  the  people  desired  in  general 
plan,  arrangement,  number  of  rooms,  character  of  rooms,  and 
extent  of  «>n\<  nit-nee  required.  The  interviewer  also  observed 
what  furniture  the  average  tenant  owned,  and  received  what 
suggestions  the  people  had  to  offer  which,  to  their  minds,  would 
make  the  houses  more  satisfactory.  From  a  study  of  these 
questionnaires  the  following  points  have  been  noted: 

First. — The  average  rise  house  desired  is  between  5  and  6  rooms. 

Second— Small  kitchens  or  kitchenettes  are  objectionable.  Kit- 
chens large  enough  for  general  dining  purposes  are  preferred.  Even  the 
tenants  of  better  grade  houses,  in  which  separate  dining  rooms  were 
provided,  dined  a  portion  of  tin-  tim<>  in  tin-  kitchen.  In  tin-  iVw  houses 
where  provided,  combined  dining  and  living  room*  were  held  in  disfa  \ 
in  many  of  these  cases,  the  people  managed  to  use  some  other  room  for 
dining,  although  such  space  was  manifestly  too  small,  and  resulted  in 
serious  crowding. 

Third.— Huilt-iii  features,  such  as  buffet,  chinarclosets  and  bookcases, 
are  not  generally  desired,  except  in  the  higher  grade  houses,  because 
moat  tenants  have  furnitun  \\hirh  serves  the  same  purpose;  and  such 
attached  facilities  result  in  a  lack  of  spaoefor  furniture.  The  addition 
of  these,  moreover,  is  to  be  discouraged  upon  the  standpoint  of  cost 
While  aware  that  arguments  have  been  advanced  in  favor  of  these  built- 
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in  features,  on  the  basis  that  they  permit  a  wivinn  <>n  the  part  of  tenant 
by  relieving  him  of  the  necessity  of  ilir  purchase  of  furniture,  the  reasons 
for  their  omi»ion  are  of  great  weight. 

Fourth. — Objections  are  raised  to  single  bedrooms;  many  people  using 
double  beds  only.  When  only  two  bedrooms  are  provided,  they  should 
be  double  rooms;  when  three  or  more  are  used,  it  is  rarely  safe  to  pl:m 
more  than  one  single  room,  except  in  houses  of  eight  or  nine  rooms  and 
houses  designed  for  lodgers. 

Fifth. — Objection  is  raised  to  having  the  refrigerator  in  the  basement ; 
a  space  convenient  to,  but  not  in  the  kitchen,  being  request «1. 

Sixth. — A  grade  entrance  to  a  landing  on  the  stairs,  running  from  the 
first  floor  to  basement,  is  favorably  commented  upon.  Refrigerator 
space  may  be  arranged  off  this  landing  as  an  added  convenient  <  . 

Seventh.— It  the  cellar  contains  a  furnace,  it  has  been  found  that,  in 
order  to  keep  fruit  and  vegetables,  a  space  should  be  partitioned  off 
for  this  purpose.  «  This  compartment  should  have  no  window,  but 
should  have  outside  ventilation  by  running  a  2-in.  gas  pipe  through 
the  wall  and  placing  a  wire  netting  on  the  inside,  to  prevent  insects 
and  mice  from  entering.  Where  porch  foundations  are  constructed  of 
masonry  walls,  this  space  forms  an  admirable  fruit  closet.  This,  how- 
ever, entails  additional  expense,  as  the  porch  foundation  must  be  run 
down  to  full  cellar  depth,  instead  of  just  below  frost  line,  and  a  doorway 
provided  into  the  cellar. 

Number  of  Rooms. — One  of  the  first  questions  to  arise  in 
designing  houses  for  a  development  is,  what  number  of  rooms 
shall  the  house  contain?  To  follow  the  practice  established  by 
some  other  development  may  result  in  unsatisfactory  conditions. 
Difference  in  character  of  labor  employed,  and  in  conjugal  rela- 
tionship, demands  an  analysis  for  each  development,  and  best 
results  will  be  attained  by  studying  the  social  structure  of  each. 
Great  benefit  will  be  derived  from  a  knowledge  of  the  manner 
in  which  these  problems  have  been  attacked  elsewhere  and  of  t  In- 
line of  reasoning  which  has  produced  satisfactory  results.  But  a 
careful  discrimination  must  be  made  between  appropriating  the 
processes  of  reasoning  and  accepting  the  results  of  that  process. 

Data  relating  to  the  character  of  labor  employed  and  the 
conjugal  relationship  existing  in  the  separate  families  is  necessary. 
This  is  easily  obtained  in  an  industry  fully  organized.  In  the 
case  of  a  proposed  industry,  however,  information  regarding  the 
personnel  of  the  working  forces  must  be  forecasted  by  comparison 
with  similar  industries.  With  such  information,  it  will  not  be 
difficult  to  choose  the  types  and  grades  which  best  serve  the 
particular  case  under  consideration. 
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Furniture  Requirement*.  —  To  intelligently  recommend  minimum 
room  sixes,  it  will  t*»  necessary  to  know  what  they  ore  to  contain 
'lie  way  of  furniture.     To  that  end  the  following  li*t  and  sue 
in  offered  : 

Living  Room  !:    '  I:     •  .    :>    M 

•«o:  5'-6"  x  2M"  X  4'-8"  Double  Bed:  4'-6"  X  6'-«" 

K»:  2'-0"  X  3'-«"  Drover:  3'-«"  X  r-0" 

Throe  Chain:  20"  X  is  Other  Piece:  3'-0"  X  I  '-10" 

One  Chair  and  Davenport:  O'-O"  X  2*-4"  Two  Chain:  16"  X  1 


'VJbom  Single  Bed  Room 

Table:  M"  diameter  angle  Bed:  3'-O"  X  6'-6" 

Buffet:  5'-0"  X  1-10"  Drover:  3'-*"  X  2MT 

Six  Chain:  16"  X  1  Other  Piece:  3'-O"  x  I'-IO" 

One  Chair:  16"  X  18" 

ving  space  for  the  above  listed  furniture.  the 
wall  space  will  be  interrupted  by  windows,  doors  and  hot  air 
register*. 

Minimum  Room  Sizes.  —  In  tin  living  room,  dining  room  and 
bedroom,  the  following  minimum  sizes  have  been  prompted  by 
a  careful  study  of  a  larjro  numU-r  <»f  satisfactory  plans. 

A  living  room  should  be  at  least  12  ft,  by  14  ft.  exclusive  of 
any  encroachments,  such  as  closet  space  or  portion  of  stairway 
issuing  from  living  room. 

A  dining  room  should  contain  not  less  than  120  sq.  ft.,  with 
MIC  least  possible  dimension. 

A  double  bed  room  should  contain  not  less  than  120  sq.  ft.,  the 
smallest  dimension  U-ini:  not  less  than  9  feet  6  inches. 

A  single  bed  room  should  not  be  less  than  80  sq.  ft.,  the  smallest 
dimension  being  not  less  than  7  ft.  10  inches. 

The  bath  room  should  not  be  less  than  35  sq.  ft.,  with  a  mini- 
mum width  of  5  feet  In  such  a  room,  the  fixtures  would  be 
placed  along  the  wall  the  long  way  of  the  room.  The  tub,  which 
should  measure  2  ft.  6  in.  by  4  ft  6  in.,  would  take  2  ft  6 
in.  spa.-.-,  plus  1  in.  for  clearance,  or  2  ft.  7  in.;  the  wash 
stand,  measuring  18  in.  by  21  in.,  would  require  2  ft.  0  in. 
wall  space,  and  the  toilet,  measuring  20  *i  in.,  width  of  low 
down  tank,  would  require  2  ft.  0  in.  wall  space;  or  a  total  length 
of  6  ft.  7  in.,  necessary  wall  space  to  house  fixtures.  This 
peri:  margin  to  \\.-rk  m.  which  allows  for  irregularities  in 

roughinc-in  of  plumMm:  or  general  cons  true  \  . 

The  kitchen  area  depends  on  several  factors.    From  a  survey 
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of  eighteen  house  plans,  in  which  a  separate  < lining  room  was 
provided,  it  was  developed  that .  in  an  average  size  house,  about 
seventeen  per  cent,  of  the  entire  first  floor  area  was  u>cd  I'm-  the 
kitchen.  Assuming  a  house 24  ft.  square,  or  576 sq.  ft.  in  area, 
t  he  allowable  space  for  kit  chen  would  be  approximately  98  sq.  ft . 
Being  guided  )>y  a  further  stipulation  that  the  room  shall  l>e  imt 
lees  than  7  ft.  in  width,  the  greatest  possible  perimeter  is 42  feet. 

The  requirements  to  be  met  in  a  kitchen  are:  (a)  a  door  to 
rear  porch;  (6)  a  door  to  dining  room;  (c)  a  door  to  cellar;  (d) 
at  least  one  window  (preferaMy  in  a  wall  other  than  the  wall 
with  outside  door);  (e)  a  kitchen  case  which,  when  nooiher  cuj>- 
board  or  pantry  is  provided,  should  measure  f>  ft.  in  length; 
(/)  a  standard  sink  and  drip  board,  measuring  .">  ft.  in  length; 
(g)  space  for  stove  which,  when  placed  in  corner  of  room,  requires 
6  ft.  of  wall  space.  These  various  items  require  a  total  of  30  ft. 
of  wall  space  in  a  room  with  42  feet.  The  12  ft.  remaining  is  di- 
vided into  small  spaces  between  the  various  items  listed. 

However,  by  careful  designing,  it  is  often  possible  to  reserve 
enough  of  this  space  for  a  table,  2  ft.  by  3  ft.  It  will  be  seen  that 
in  a  kitchen,  using  the  minimum  width  of  7  ft.,  it  will  be  difficult 
to  place  the  table  so  as  to  sit  around  its  four  sides. 

From  these  observations  it  will  be  apparent  that  the  greatest 
care  is  required  to  design  the  small  kitchen,  and  that  the  use  of  this 
kitchen  for  dining  is  almost  impossible. 

Having  arrived  at  the  minimum  sizes  of  first  floor  rooms  neces- 
sary to  accommodate  average  furniture,  similar  detailed  studies 
may  be  made  for  the  second  floor.  A  summary  of  such  tests 
has  been  made  after  a  review  of  the  tables  giving  data  on  family 
dwellings,  prepared  by  the  United  States  Housing  Corporation, 
and  also  by  a  careful  study  of  its  standard  plans.  The  area  of 
all  bedrooms  and  bath,  excluding  closets,  trunk  rooms,  storage 
spaces  and  stair  halls,  should  be  72%  per  cent,  of  the  total  area 
of  the  second  floor,  measurements  in  all  cases  being  to  inside 
finished  walls.  Should  a  plan  fall  slightly  below  this  percentage, 
it  need  not  necessarily  be  rejected,  and  some  plans  may  be  found 
to  give  higher  percentages;  but,  striking  an  average,  the  plans 
should  reali/.e  the  percentage  given. 

Recommendations  of  Authorities. — Various  views  have  been 
expressed  as  to  what  should  constitute  minimum  requireme- 
for  a  satisfactory  house.     That  there  should  be  a  difference  of 
opinion  among  those  who  have  made  a  study  of  the  problem 
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it  easily  understood  when  we  realiic  the  divergent  characteristics 
nil.  •icniiore,  the  variation!  represent  unquestion- 

:ii.l\  \  lows  as  to  different  classes  of  dwelling*  desired.    Some  of 
these  are  abstracted  in  tit.-  i,,ll.,winn  j*ragraphs. 

Veifftr'*  I'lew.—  Houm-  Hod  workers  at  Williamsport, 

Pa.,  Sawyer  Park,  recommended  l.y  Mr.  Lawrence  Veillcr,  Secre- 
tary, National  Housing  Asaociat  ion,  contain  the  following  features: 

Every  house  has  a  well  lighted  and  ventilated  cellar,  with  concrete 
floor  and  a  hot  air  furnace,  with  pipes  to  each  room  on  the  first  and 
second  floors.  Bathroom  has  a  porcelain  tul>,  wash  bowl  and  toilet 
fixtures.  Kitchen  has  a  sink  and  porcelain  wash  tub.  Every  house 
has  front  porch  and  an  entrance  to  kitchen.  Houses  are  piped  for  gas 
and  wired  for  eh-  lollies  closeU  are  provided.  In  addition  to 

the  above,  a  kitchen  cabinet  and  a  linen  closet  are  recommended  for 
each  house. 

urn1*  Recommendation*.—  The  opinion*  <»f  \\  illi.un  I  •:.  <  iroben, 
<>f  Hallinger  and  Pcrrot,  Architects,  <>f  Philadelphia,  Pa.,  areas 

Essentials  for  unskilled,  low  paid  workmen's  houses  are  permanent 

water-tight  construction  of  walls  and  roof  ;  sufficient  Minlight  and  ventila- 

tioi»,  and  windows  in  every  room.    Private  t«iilrt.  with  sanitary  water 

closet,  having  sewer  connection  ;  sink  in  kitchen,  with  running  water  and 

sewer  connection,  are  necessary.    Gas  or  electric  light  and  proper  beat- 

ipparatus  are  required.    Combination  living  room,  dining  room  and 

icn;  bedroom,  large  enough  for  parents  with  infant  children;  bedp 

room  for  male  children;  bedroom  for  female  children,  are  the  minimum 


fisstmtinln  for  skilled,  high-paid  workmen's  houses  contain  the  above, 
plus  cast  iron  enameled  bathtub,  with  running  water  and  waste;  wash 
bowl  in  bathroom  with  tub  and  toilet,  with  hot  water  supply;  and  a 
living  room  separate  from  dining  room  and  kitchen. 

Accessories  called  for  as  essentials  by  some  skilled,  higher-paid 
American  workmen  consist  of  cellar,  laundry  tubs,  front  porch,  wall- 
paper and  tiled  bathroom. 

Allen's  /ctou.  —  The  recommendations  of  Leslie  M.  Allen,  of 
the  Aberthaw  Construction  Company,  contain  the  following 
as  housing  essentials: 

Water-tight  roof,  walls  and  floors;  separate  bedroom  for  parents; 
separate  bedroom  for  male  children  and  for  female  children  ;  living  room 
for  rook  ng  and  general  day  use;  uninterrupted  daylight  and 
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ventilation  through  windows  in  even  mom;  suitable  heating  arrange- 
ments; private  toilet  room,  with  sanitary  water  closet  and  sewer  con- 
nection; sink  in  kitchen  with  running  water  lit  tor  drinking,  and  waste. 

Further  additions  required  by  the 'American  family  are  cell  are, 'closets, 
bathtubs  with  running  water,  window  screens  and  separate  parlor. 

Desirable  improvements  include  jx.rcli  and  veranda;  lavatory  bowl; 
hot  water,  supplied  to  bathtub  and  howl  window  shades  and  window 
blinds;  separate  dining  room;  electric  or  gas  lighting;  wall  paper;  and 
laundry  tubs. 

Kilham's  Opinions. — The  views  of  Waller  II.  Kilhain,  of 
Kilhara  <fc  Hopkins,  Architects  of  Boston,  are: 

The  question  then  arises  as  to  what  constitutes  fundamentals.  I 
should  say  light  and  air, hot  and  cold  water;  facilities  for  hathtuhs,  even 
at  the  expense  of  leaving  out  a  wash  bowl.  Refrigerator  space;  and  as 
many  bedrooms  as  possible.  I  should  not  so  class  furnace.-,  piazzas, 
fireplaces,  parlors  separate  from  the  kit  (hen.  nor  >et  wash  bowls.  I 
am  not  so  sure  of  the  necessity  of  set  wash  tubs  in  these  days  of  wet  wash 
laundries.  Kitchens  must  have  accommodations  for  simple  stock  of 
groceries,  either  in  pantry  or  in  a  cabinet  of  some  sort. 

U.  S.  Depi.  Labor  Standards. — The  following  \v«-n-  promul- 
gated by  a  committee  of  architects  and  eivieists: 

Row  or  group  houses  normally  not  to  be  more  than  two  rooms  deep; 
no  living  quarters  in  basement;  every  bedroom  to  have  a  clothes  closet; 
every  room  to  have  at  least  one  window  opening  directly  to  the  exterior ; 
minimum  height  of  room,  8  ft.;  minimum  areas; — bedrooms,  80  sq.  ft.; 
parlor,  120  sq.  ft.;  dining  room,  108  sq.  ft.;  kitchenette,  70  sq.  f£.;  where 
there  is  no  dining  room,  kitchen  should  be  108  sq.  ft.  A  toilet  and  bath 
for  each  house  or  apartment. 

Albany  Health  Dept.  Regrdations. — The  following  are  quote* I 
from  the  published  ordinances  of  this  City: 

Each  room  must  have  at  least  one  window  with  area  of  12  sq.  ft.; 
no  room  shall  be  less  than  90  sq.  ft.  in  floor  area,  nor  less  than  7  ft.  wide; 
no  ceiling  in  dwellings  shall  be  lower  than  8  ft.  6  in.;  each  toilet  room 
requires  6  sq.  ft.  of  window  space  opening  to  outside;  each  dwelling  shall 
have  one  sink  with  running  water. 

Ontario  Housing  Committee  Objects. — The  following  is  quoted 
from  the  report  of  this  citizens'  committee,  issued  in  1918: 

There  must  be  some  definite  classifications  taken  as  a  basis  in  formu- 
lating standards.  Careful  investigation  of  living  conditions  has  estab- 
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Ikbed  certain  requirement*  an  essential,  and  othm  at  desirable.  Than 
will  undoubtedly  be  w>me  cntkum  of  any  ait,  n,pt  to  elassifj  essential*, 
and  there  if  bound  to  be  diversity  of  opinion,  Imt  for  our  purpose  the 
essential  features  may  be  summarised  a*  follows: 

1.  Sufficient  land  to  five  each  family  privacy  and  plenty  of  air. 

2.  Water-tight  floors,  walk  at 

3.  One  or  more  rooms  for  cooking,  eating  and  general  use. 
llcdroom  for  parents'  use. 

i'x-driMim  f.,r  mall-  children. 
6.  Bedroom  for  female  children. 

revisions  for  toilet,  with  aanitary  water  closet  and  sewer  connec- 
fciona, 
8.  Running  water  supply  fit  for  drinking. 

0.  Kitchen  sink,  with  watte  connection  to  sewer. 

10.  Uninterrupted  oV  -lows  in  evwy 

room. 

Additional  feature*  which  are  so  desirable  as  to  be  almost  essential 
are: 

1.  Hat  lit  nl»  and  lavatory,  with  hot  and  cold  water  supply. 

2.  Laundry  ml.-,  with  Imt  and  cold  water  supply. 

sunlight  in  all  rooms. 

4.  Second  room  in  addition  to  that  used  for  cooking. 

5.  Clothes  closet. 

6.  Porches  and  v< 

Flit ure  additions  of  de>iral»Ie  feature*  would  include: 

2.  Separate  dining  r..,,n,. 

I'urnaee  for  heating. 

Some  comment  may  arise  on  the  omission  of  cellar  fmm  the  list  of 
essentials.  There  are  those  \\l»o  claim  that  the  crllar  is  essential  for 
the  storage  of  fuel,  canned  fruit,  \cRct :.  .  and  that,  since  founda- 

tion walls  are  necessary,  it  cost*  -.p.  vide  a  cellar  than  to 

omit  it.     Th:-  l:ttt<T  '|U«MI.>M  \\ill  I •«» considered  along  with  the  follow- 
ie  house  construct  i::irdinR  the  storage 

of  fuel,  etc.,  a  careful  survey  of  conditions  will  disclose  the  fact  that 
with  many  families  the  income  will  not  provide  sufficient  surplus  to  per- 
mit the  purchase  of  fuel,  vegetable*  or  fruit  in  sufliciently  large  quantities 
to  require  a  cellar  for  storage.  On  the  other  hand,  where  cellars  are 
led,  they  will  frequently  l>e  found  to  contain  a  miscellaneous  assort- 
ment of  unsanitary  rubbish,  which  constitutes  a  serious  fire  menace. 

Data  of  U.  S.  Bureau  of  Labor  Statistic*.— As  indicative  of  the 
kind  of  houses  most  generally  employed  in  industrial  develop- 
ments, the  data  of  the  United  States)  Bureau  of  Labor  Sta 
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m:iy  prove  lx)th  iii  B  and  interesting.     An  invest  i<:ai  ion 

covering  two  hundred  and  thirteen  separate  companies,  including 
subsidiary  companies  of  large  cot  us,  showed  the  number  of 

men  employed  was  466,991,  of  whom  160,645,  or  31  i>*  r  cent., 
were  accommodated  in  houses  con t  rolled  by  the  companies.  Of 
the  ">:u To  individual  dwellings  considered,  it  appears  that  25,582, 
or  48  per  <vnt.,  were  single  dwellings,  18,871,  or  36  per  cent., 
double  dwellings,  and  6,014,  or  11  per  cent.,  row  dwellings. 
-  interesting  to  note  in  passing  that,  in  the  early  il 
of  industrial  housing,  as,  for  instam-e.  in  the  urban  Nc\\  Kmjland 
mill  tenements,  the  row  tyjx»  prevailed,  with  the  double  dwelling 
next  most  ronnnon.  The  proportion  of  the  row  type  shows  a 
steady  decline  as  industrial  housing  has  developed,  although  now 
there  is  a  growing  appreciation  of  the  group  dwelling  and  to 
some  extent  of  the  row  type  of  dwellings. 

As  regards  the  number  of  rooms,  it  was  found,  in  the  afore- 
mentioned  investigation  that  15,672  houses,  or  30  per  cent.. 
had  four  rooms;  9,413,  or  approximately  17  per  cent.,  had  five 
rooms;  and  9,127,  or  approximately  the  same  percentage,  had 
six  rooms.  It  is  apparent  that  the  typical  dwellings  contained 
four,  five  or  six  rooms.  It  does  not  follow  that  these  proportions 
are  for  general  application.  Quite  to  the  contrary;  as  we  know 
industrial  housing  today,  it  presents  a  far  different  problem  than 
the  earlier  examples  indicate;  nevertheless,  these  statistics  re- 
cord the  general  history  of  the  movement  and  are  of  benefit  in 
searching  for  the  next  step. 

As  regards  the  general  construction  of  the  houses,  the  frame 
structure  was  found  to  be  the  most  prevalent ;  brick  used  about 
one-tenth  as  much;  other  materials  less  prevalent  than  brick. 

Recommended  Minimum  Requirements. — From  informal  ion 
obtained  by  a  study  of  the  intimate  family  life  in  various  indus- 
trial towns,  after  consideration  of  the  many  practical  elements 
entering  into  the  question,  and  taking  into  consideration  the. 
expressed  opinion  of  many  qualified  authorities,  the  author's 
recommendations  as  to  the  minimum  requirements  of  "An  In- 
dustrial Worker's  Home  "  are  as  follows : 

1.  .AfolmoZa.— Permanent   weather   proof   construction  of  exterior 
walls  and  roof. 

2.  Cellar. — Cellar  to  be  provided,  except  in  localities  where  impractical 
or  unnecessary. 

3.  In  case  cellar  is  omitted,  first  floor  to  be  at  least  2  ft.  above 
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ground  and  supported  on  masonry  pier*  or  foundations  earned  below 
fr.-f  hue;  and  the  dear  space  enclosed  but  adequately  ventilated, 
i    \Vhere  cellar  is  provided,  it  »hall  haw  cement  floor  and  floor  drain. 

5.  Cellar  to  be  properly  hghtM  and  ventilated. 

6.  .V  Barter*  to  be  in  basement. 

7.  A  separate  chimney  flue  to  be  run  to  the  cellar  for  future  installa- 

uirnaoe. 

8.  Adequate  provision  roust  be  made  for  heating  the  house,  but  fur- 
>shoul<l  ii<»t  U- minimum  requirement.     All  heating  fixtures,  whether 

or  other  furl,  in  vided  with  venu  to  flues. 

0.  Gas  piping  to  IN-  pro\M  KC  and  hot  water  boflar. 

/toom*.— One  room  for  parents  and  infant  child  and  enough  rooms 
ther  children  for  proper  segregation  of  the  sexes. 
1 1 .  Room  sties  to  accommodate  minimum  furniture  as  listed.    The 
furniture  to  be  drawn  in  to  scale  on  plans,  so  as  not  to  conflict  with 
windows,  doors  or  hot  air  registers. 

Itow  or  group  houses  to  be  not  more  than  two  rooms  deep;  ex- 
cept in  rows  where  combinations  of  units  (as  one  4-room,  two  6-room, 
and  one  4-room)  allow  for  proper  ventilation  to  the  rooms  of  the  deeper 
unit  by  the  nature  of  their  arrangem 

Duplexes,  Double  Duplexes,  etc.— In  all  such  units,  provision  shall 
be  made  n ing  as  great  a  degree  of  privacy  a*  i*  enjoyed  at  least 

in  the  row  type  house.  Separate  front  ami  rear  entrances,  separate 
cellars  when  cellars  cxi>t .  with  independent  pi  u  mi  .ing  lines,  and  heating 
and  lighting  facilities.  It  is  also  recommended  that  means  of  circulation 
between  each  apartment  and  private  cellar  be  effected  without  going 
out.-ide  th«-  boom 

1 1.  Closets— Every  bedroom  must  have  clothes  closet  in  direct  con- 
.\ith  it. 

15.  Closet  or  case  of  adequate  sue  for  keeping  necessary  china, 
kitchen  utensils,  staple  supplu-  :  ranged  for  in  kitchen. 

16.  Entrances.— There  must  be  means  of  entrance  other  than  by  the 
front  door. 

17.  Front  porches,  while  desirable,  are  not  a  minimui  ment. 
!  u  no  case  should  the  stairs  have  a  rise  of  over  8  inches  and  tread 

of  leas  than  9  inches. 

19.  Ventilation.— There  shall  be  a  clear  height  of  not  less  than  6  ft. 
6  in.  from  cellar  floor  to  under  side  of  first  floor  joist.  A  minimum  dear 
story  height  of  8  ft.  shall  generally  obtain  for  first  and  second  stories, 
but  in  cases  of  second  story  rooms  coming  under  sloping  roofs,  it  shall 
be  required  that  flat  portions  of  cri  ling  be  over  an  area  of  at  least  40  sq.  ft. 
with  3J-J  ft.  minimum  flat  ceiling  width  and  a  dear  height  of  6  ft. « 
an  area  of  at  least  80  sq.  ft  with  a  minimum  width  of  7  feet.  (Attic 
rooms  not  subject  to  these  requirements.) 

There  shall  be  in  all  eases  an  air  space,  with  minimum  of  S  in.  from 
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ceiling  to  roof,  with  provision  that  such  space  be  \cntilatcd  directly  to 
outside  air. 

21.  Every  bedroom  to  have  at  least  one  window  opening  directly  to 
outer  air. 

22.  One  window  to  be  sufficient  for  single  rooms,  two  windows  for 
double  rooms.    No  room  to  have  less  than  12  sq.  ft.  of  window  area. 

23.  Bathroom  to  have  one  window  of  not  less  than  6  sq.  ft.  area. 
- 1.  Water  closet  compartment  to  have  one  window  of  not  less  than 

4H  »q-  ft.  opening  directly  to  outer  air. 

25.  Skylight  may  be  used  in  lieu  of  window  for  bathroom  or  water 
closet  compartment. 

26.  Window  frames  to  be  of  such  design  that  screens  may  he  u -«•<!. 

27.  Water  Supply. — Running  water  to  bo  required  in  connection  with 
kitchen  plumbing  fixtures.     (Hot  water  connection  is  dennil.le.) 

28.  A  water  closet  in  separate  compartment,  properly  vent il.it «1, 
must  be  provided  when  bathroom  is  omitted. 

29.  While  bathroom  is  greatly  to  be  desired,  it  is  not  to  be  a  mini  mum 
requirement;  provided  convenient  and  complete  bath  house  facilities 
are  arranged  for  and  properly  maintained  for  community  n 

30.  Either  laundry  trays  to  be  provided  in  cellar  or  combination  tray 
and  kitchen  sink  in  kitchen. 

31.  Electricity  to  be  furnished  whenever  possible.     One  switch   to 
be  provided  for  throwing  on  light  on  entering  house  and  one  switch  to 
control  cellar  light  from  top  of  cellar  stairs. 

Grading  of  Houses. — There  is  included  in  the  minimum  re- 
quirements such  provisions  as  will  make  possible  a  house  in  which 
any  person  can  live  comfortably  and  decently.  A  house  built 
under  these  conditions  will  not  contain  many  of  the  features 
which,  while  not  absolutely  necessary,  are  desired  by  many 
workmen's  families. 

If  the  term  "Industrial  Housing"  applied  only  to  the  lowest 
paid  unskilled  workers,  it  would  be  unnecessary  to  consider  any 
but   essential   features;   however,   a  large  percentage  of   \\ 
earners  are  skilled  workmen,  who,  imbued  with  higher  standards 
of  living,  not  only  desire  but  demand  additional  features  in  the 
house.     They  are  able  and  willing  to  pay  for  such  eonvenien 
1      Therefore,  seems  necessary  to  arrive  at  some  cl:is>ifie:ition  of 
houses  suitable  to  the  corresponding  grades  of  workmen   which 
exist  in  the  personnel  of  industry. 

Many  persons  have  deemed  two  classifications  all  thai   are 
necessary, — one  for  unskilled  \vorkere,  and  one  for  skilled  work' 
This  differentiation,  however,  is  considered  to  be  too  abrupt  >.tw\ 
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irnishing  sufficient  gradation,  by  men  intimately  acquainted 
\\ith  t  In-  wage  earner  and  his  family  hf.-.     Tin-  native  unskilled 
U-  provided  with  :i  U-tt«?r  house  than  the  rank 


and  file  of  unskilled  wage  earners,  and  yet  he  cannot  pay  for 
the  houses  proM<i'<  If.. r  higher  paid  skilled  workers.  On  the  other 
hand,  if  he  does  not  have  children,  he  probul>Iy  i-  in  a  better 

<»n  to  afford  these  accommodation*  than  the  skilled  worker 
\\itli  a  very  large  family,  who  certainly  will  never  be  satisfied  to 

•lown  to  the  grade  of  house  provided  for  unskilled  laborers. 

It   is  U-lirvr.1.  thrri-fori',  there  is  considerable  advantage,  if 

not  absolute  necessity,  in  providing  three  grades  of  houses,  as 


i  York*hip  Villaffo  illustrating  nttrartivpaml  inlorvntmjt  effect 
•••I  in  i n i »•!•-«•••» i., n  i  l.kiiiiiiig  and  hoiue  groupinjc. 


follows:  Firxt,  A  house  as  inexpensive  as  it  is  possible  to  1  mi  1.1 
and  still  meet  the  demands  of  a  home  for  unskilled  labor;  Seo- 
ond,  an  intermediate  grade,  t<>  in.-.-t  the  demands  mentioned 
in  thr  pn  \  ions  paragraph;  and  Third,  a  more  expensive  grade, 
for  higher  wage  earning  skilled  laborers,  shop  foremen,  or  the 
higher  paid  mm  of  thr  clerical  staff. 

•nnv,  mrnrr.thr  three  grades  will  be  referred  to  respectively 
as  Grade  Ct  Grade  B,  and  Grade  A. 

Grade  C— House  shall  have  the  mini  muni  rcquircmenU,  as 
u-f..rp  titled 

Grade  B— House  shall  have  all  the  features  of  a  Grade  C 
house,  with  the  following  additional  conveniences: 

80 
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1.  Room  for  dining,  separate  from  kit  dim. 

2.  Bathroom  shall  constitute  a  minimum  requirement;  in  which  shall 
be  provided  the  following  fixtures:  Enameled  roll  rim  bathtub,  4  ft. 
6  in.  by  2  ft.  6  in.;  lavatory,  18  in.  by  21  in.;  water  closet,  porcelain  and 
wash  down,  syphonic  action;  enameled  low  down  tank. 

3.  Rift  sawed  yellow  pine  floors  in  first  floor,  plain  sawed  pine  in 
second  floor. 

4.  Provision  for  refrigerator  space  adjacent  to,  but  not  in  kitchen, 
which  may  be  built  in  compartment  on  rear  porch. 

5.  Front  porch,  not  less  than  70  square  feet. 

6.  Lighting  fixtures  in  rooms,  except  bracket  in  bathroom,  to  be  con- 
trolled by  switches  located  conveniently  at  entrance  doors. 

7.  Hot  air  furnaces;  cold  air  returns  to  be  taken  from  inside. 

8.  Laundry  trays  in  basement. 

9.  Mechanical  door  bells. 

10.  Coal  bins. 


Front  [Icwtion 


bide  devotion 


bide  Elevation 


Rear  Clevortion 


Fio.  44 A. — Design  of  a  six-room  detached  dwelling,  showing  the  possibilities 
in  variation  of  exterior  appearance  of  a  single  base  type;  variation  ohi .-lined  by 
changing  the  roof  design,  using  different  exterior  materials  and  placing  the 
porrh  in  different  positions. 

Grade  A. — House  shall  contain  all  tho  features  listed  for  Grade 
C  and  Grade  B  houses,  with  the  following  additional  accommo- 
dations: Such  a  dwelling  is  illustrated  in  Figs.  44 A  and  44B. 
1.  The  rooms  to  be  larger  than  the  previous  minimum  requirements. 

Single  bedroom (.K)  sq.  ft. 

Double  bedroom.  l.iO  sq.  ft. 

Dining  room  .    140  sq.  ft. 

Living  room .   180  sq.  ft. 
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2.  A  ooat  closet  shall  be  provided,  cither  off  hall  in  first  floor  or  in 
connection  with  living  room. 

3.  Open  fireplace,  with  basket  grate  in  living  nx»m 

».  Itift  Hawed  yellow  pine  or  oak  floors  in  first  and  second  floors. 
5.  Front  porch  with  nuuuuum  of  06  square  feet.    Rear  porch. 


SECOND  FLOOR  PLAH 


riKT  F LOO*  PLAN 


BAS£M£H7  PLAN 


ATTIC  PLAN 


Fio.  44B.— Floor  plans  of  six-room  detached  dwellinf.     (See  Ft* 

6.  Two-way  switches,  for  controlling  one  light  upstairs  and  one 
downstairs. 

7.  Medicine  cabinet  in  bathroom. 

8.  Combination  gas  and  electric  fixtures  for  lighting  in  kitchen  and 
bathroom, 

i  t  he  exception  of  combined  uses  for  same  room,  the  grad- 
ing classification  <>t   the  houses  is  not  based  upon  number  of 
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rooms.    Grade  C  house,  for  example,  might  contain  more  bed 
rooms  than  Grade  A  house. 

TYPES  AND  GROUPING  OF  HOUSES  AND  ACCESSORIES 

Types  of  Houses. — Omitting  for  the  present  the  < -MM  >i  deration 
of  materials  used  in  construction,  the  cost  of  a  house  is  primarily 
dependent  upon  the  number  of  rooms  it  contains.  Hy  applying 
a  sliding  scale  unit  price  per  room,  so  adjusted  as  to  cover  the 
various  grades  of  houses,  we  may  arrive  at  a  reasonable  cst  imatc 
of  the  cost  per  house;  it  being  understood  that  number  of  rooms 
has  no  influence  in  determination  of  gra<l< 

Effect  on  Cost. — Next  to  material  and  number  of  rooms,  the 
types  of  building  employed — that  is,  whether  single  houses, 
double  houses,  groups,  rows,  etc. — have  an  important  In -a  ring 
on  the  cost.  This  is  true  not  only  of  the  house  itself  but  the 
entire  project,  as  the  land  cost  is  directly  affected  in  eonsequcn-  •<• 
of  the  type  employed. 

The  words  "grade"  and  "type"  are  used  with  careful  dis- 
tinction— houses  are  "graded"  according  to  the  facilities 
furnished  and  largely  in  relation  to  the  cost,  whereas  "type" 
refers  to  class  of  building  or  arrangement  of  houses. 

The  following  house  types  will  be  considered,  as  experience' 
indicates  that  they  are  the  most  practical  and  sat i-fa< -lory: 

Type  I.  Single  detached  house. 

Tv{>e  II.  Semi-detached  house. 

Type  III.  Row  or  group  house. 

Type  IV.  Single  duplex  house. 

Type  V.  Double  duplex  house. 

TVJM-  VI.  Row  duplex  house. 

Type  VII.  Apartment  house. 

Explanation  of  Types. — Type  I. — Single  detached  house  is  a 
house  occupied  by  one  family  only.  All  four  sides  of  the  house 
are  exposed,  the  unit  standing  independently  on  its  own  lot, 
with  grounds  bordering  it  sufficiently  large  to  allow  for  light  and 
air.  See  Fig.  44 A  for  illustrative  example. 

Type  II. — Semi-detached  house  is  one  in  which  two  separate 
and  distinct  dwellings  are  arranged  side  by  side  under  a  common 
roof.  The  dwellings  are  completely  separated  by  a  party  wall 
and  each  dwelling  has  three  exposed  si<i  u;.  45  shows  such 

a  house  with  eight  rooms  in  each  unit,  for  the  higher  paid  men. 
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Type  III.— -Row  or  group  house  i*  a  unit  of  three  or  more 
(rarely  over  eight)  separate  dwellings,  arranged  side  by  side 
lur  a  common  roof  and  separated  by  party  walk.  The  houses 
should  not  be  over  two  rooms  deep,  except  when  arranged  in 
such  combinations  that  will  allow  light  and  air  to  the  dec*|»  r 
dwellings  by  reason  of  the  design  of  the  group.  These  dwelling 
should  have  rear  access  from  a  street,  alley  or  common  court 
passage  from  the  front  tot  !.<•  rear  or  cellar:  Bee  Figs.  47  and  48. 

Tyi*  I V. — Single  duplex  house  is  one  providing  two  separate 
dwellings  one  atx.\<  tin*  other.  Ea<  h  mint  have  separate  en- 
trances, front  and  rear.  Each  dwelling  to  have  its  own  private 


Emergency  Fleet  Corporation. 


projec  t . 


K:u-h 


•-.    reached    without    going    outside    the    building, 
dwelling  has  four  exposed  sides. 

Type  V. — Double  duplex  house,  as  the  name  implies,  is  formed 
by  arranging  two  singl«  <iuj>l<>\  units  side  by  side,  so  as  to  form  a 
unit  under  one  roof,  in  which  four  hmuli.x  are  housed.  The 
general  provisions  called  for  under  the  single  duplex  apply  with 
equal  force  in  this  case.  Each  dwelling  has  three  exposed  sides. 
46  shows  such  a  house. 

Type  VI. — Row  duplex  is  obtained  by  arranging  three 
or  more  single  duplexes  side  by  side.  It  must  be  only  two  rooms 
deep  except  at  end  houses. 

Type  VI I. —Apartment  house  can  be  arranged  for  any  number 
of  apartments,  composed  by  varying  numbers  of  rooms.  This 
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tyjM-  differs  from  tin-  other  multiple  family  houses  in  tli.-it  the 
apartments  are  reached  through  a  common  entrance  and  stair- 
way. By  its  very  nature  this  style  necessitates  joint  use  of 
cellars,  laundry  fa< -ilities,  etc.,  by  all  the  tenants;  whereas  the 
duplex  dwellings  enjoy  privacy  in  t  his  respect.  The  heating  must 
be  from  a  central  plant.  This  fact,  as  well  as  the  oth< -r>  enum- 
erated, make  it  necessary  to  provide  janitor  service,  which  com- 
plicates the  problem  fiom  the  standpoint  of  the  investor. 

Many  arguments  may  be  advanced  for  and  against  therm  ploy- 
ment  of  the  various  types.  The  detached  house  meets  with  gen- 
eral approval  from  native  American  workmen,  because  it  typifies 


Fio.  46. — View  of  four-family  duplex  dwelling. 

the  traditional  tendencies  of  selective  American  housing,  which 
have  come  down  to  us  from  pioneer  days.  However,  memory  of 
the  early  homes  of  our  forefathers,  with  their  privacy  and  homey 
atmosphere  suggesting  independence  and  sole  proprietorship, 
should  not  be  allowed  to  befog  the  conditions  as  they  exist  today. 
The  motives  which  impelled  the  building  of  these  early  homes,  as 
well  as  the  natural  conditions  surrounding  them,  are  just  as 
different  from  present  day  building  as  the  manner  of  living  was 
different  from  that  of  the  present. 

The  detached  house  offers  the  possibility  of  cross  ventilation 
of  rooms  and  greater  amount  of  sunlight,  but  when  the  bouses 
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are  placed  clone  to  one  another,  because  of  high  land  value*,  it  w  a 

question  whether  theae  features,  instead  of  being  advantages, 

are  not  the  opposite.    The  narrow  side  yards,  devoid  of  th<- 

possibility  of  air  and  sunlight,  off.  r  Intl.-  th.it  i>  to  be  desired, 

in  making  for  :i  dignified  .s«-ninK  for  (he  house,  or  as  a 

means  of  obtaining  the  advantage  of  exposure  for  the  various 

rooms.    These  side  yards  often  degenerate  into  damp,  dark 

alleyways,  in  which  it  is  impossible  to  cultivate  plant  life.     If 

»«  ease,  how  can  we  hope  for  good  results  from  them  as 

and  air  shafts? 

As  to  the  question  of  privacy  in  this  type,  as  contrasted  with 
the  multiple  unit  or  groups,  providing  sound-proof  party  walls 
are  used  in  the  la t  •  •••  is  probably  less  privacy,  since  in  the 

group  it  is  at  least  impossible  to  look  directly  from  one  house  into 
another.  The  detached  home  is  a  more  costly  investment,  not 
only  as  to  first  cost,  but  also  as  regards  maintenance.  A  greater 
nuinl  jwsed  sides  is  subject  to  deterioration;  it  is  more 

expensive  to  paint,  and  to  heat.  Gas  bills  for  the  end  noons 
of  rows  are  frequently  one  and  one-half  times  those  of  the 
<>r  houses.  The  housewife  prefers  the  multiple  type,  as 
there  are  less  windows  and  curtains  to  keep  clean  and  less  expense 
in  furnishing  window  trimmings. 

From  the  standpoint  of  exterior  architectural  appearance, 
it  must  be  added,  the  small  detached  house  offers  one  of  the  most 
difficult  problems  the  designer  has  to  meet.  No  matter  what 
the  area  of  the  house  may  be,  the  height  remains  fairly  constant 
for  all  types.  The  result,  in  the  case  of  a  single  house  of  small 
area,  is  that,  having  to  meet  the  requirement  for  height,  it  is 
•nely  difficult  to  arrive  at  a  proportion  that  will  not  look 
•!.  The  architect,  in  his  desire  to  arrive  at  better  propor- 
tions, strives  to  pull  down  the  apparent  height  by  dropping  the 
eaves  to  a  degree  that  necessitates  sloping  ceilings,  and  knee 
walls.  This,  however,  often  results  in  serious  inconvenience  in 
the  livable  ness  of  the  bedrooms.  It  has  been  noted  that  in  some 
single  house  developments  such  designing  necessitates  placing  the 
bed  a  foot  to  18  in.  from  the  wall,  in  order  to  obtain 
sufficient  to  accommodate  the  headboard.  This,  in 

admittedly  small  rooms  to  start  with,  is  a  serious  inconvenience. 

In  the  multiple  unit,  the  architect  finds  a  much  simpler  prob- 
lem in  trying  to  obtain  architectural  effects.  Not  only  is  it 
possible  to  obtain  better  general  proportions,  but  the  many 
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possibilities  in   grouping  of  variou-   >i/ed    unr  'her   with 

iriaiion  jM-nnit ted  in  arranging  porches  and  composing  of 
roof  lines,  give  a  latitude  in  designing  which  makes  possible 
compositions  abundant  in  picturesqueness  and  charm. 

onsideration  which  must  not  be  overlooked  in  a  study  <>) 
the  types  is  the  nature  <>l  the  investment,  whether  it  be  for  rental 
or  sale,  vi/.:  The  objection  to  buying  or  selling  individual 
dwellings  in  a  multiple  unit,  group  or  row,  is  not  to  be  overcome 
by  edict,  but  the  fact  that  in  certain  localities  such  transactions 
are  common  practice  leads  one  to  believe  that,  .should  the  present 
high  cost  of  building  prevail  for  an  c\t<  -mled  period,  the  prejudice 


FIG.  47.— Typical  row  dwellings,  Yorkship  Village. 

against  owning  such  a  home  may  be  overcome  by  force  of  circum- 
stance. In  view  of  this  fact,  it  is  suggested  that,  should  mult  iple 
units  be  constructed  with  the  idea  of  selling  the  individual 
dwellings,  the  designer  should  strive  to  make  the  houses  as  ind<  - 
IK  ndcnt  as  possible.  In  this  connection,  the  unit  should  differ 
from  the  n -n ting  project,  in  that  plumbing  lines  for  each  house 
should  be  run  separately;  porches  should  not  overlap  the  adja- 
cent dwelling;  separate  entrance  pathways  must  be  provided. 
and,  even  in  units  under  a  common  sloping  roof,  party  walls 
should  be  run  through  the  roof.  This  last  provision,  although  it 
may  sound  a  serious  disadvantage,  will  be  found  on  careful 
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to  offer  great  possibilities  in  the  way  of  an  in t<> rating 
decorative  treatment.  A*  an  example  illustrating  this  point, 
see  Fig.  48. 


fm,  i^     M-rt,,.;,.  f.kl:il:-.  fcptOfaai  Btartralfaa  p  •  I    ••••  -   I  hn  '•:•  ••  •:•• 
.ion  walk  are  carried  through  and  above  the  roof. 

The  duplex  and  apart mmt  types  are  essentially  those  built 
on  the  policy  of  rental,  Imt  tlu\v  uuvt  some  demands  better  than 
any  other  type.  It  will  be  manifest  that  a  dwelling  of  three  rooms 
and  bath,  in  any  of  the  single  family  units,  is  practically  an 
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impossibility.    Yet  accommodations  of  this  kind  are  in  great 

demand  by  young  married  people  without  children,  who  instart- 

housc keeping  cannot  afford  to  furnish  him.  i   quart  era,  for 

which,   indeed,   they  have  no  absolute   need.      If  such   people  he 

obliged  to  take  a  larger  house,  t  IK  n  t  hey  must  rent  a  room  or  two 
to  lodgers,  which  creates  unnatural  and  often  unpleasant  condi- 
tions in  the  home  life  and  leads  to  dissatisfaction. 

Finally,  to  sum  up  in  a  few  terse  sentences  recommendations 
baaed  upon  the  foregoing  arguments,  it  is  suggested: 

First. — That  the  detached  house  be  employed  for  Grade  A 
dwellings,  in  either  a  sales  or  renting  project. 

Second. — That  the  semi-detached  unit  be  employed  principally 
for  a  Grade  B  dwelling,  but  under  some  circumstances,  especially 
when  land  values  are  high,  for  Grade  A  dwellings.  This  type 
should  be  used  for  the  most  part  in  a  renting  project,  but,  when 
designed  with  care  to  offset  prejudices  relative  to  joint  ownership, 
it  may  be  built  for  sale. 

Third. — The  row  or  group  type  should  be  particularly  identified 
as  a  Grade  C  dwelling,  although  it  will  l>e  found  entirely  satis- 
factory for  the  Grade  B,  when  it  incorporates  the  necessary 
features  to  identify  it  in  that  class.  However,  it  should  rarely, 
if  ever,  be  used  for  A-houses,  not  because  it  is  an  unsatisfactory 
house  for  any  class  of  people  to  live  in,  but  merely  because  pre- 
judice is  still  so  strong  against  the  idea  of  living  in  a  row.  Event- 
ually this  feeling,  we  are  sure,  will  be  overcome  and  the  row  type 
house,  properly  designed,  will  come  into  its  own.  This  is  quite 
easily  appreciated  when  one  stops  to  think  that  many  of  the  older 
city  residences  of  the  well-to-do  in  some  cities  are  virtually 
row  type  dwellings. 

The  duplex  and  apartment  types  may  readily  fit  any  of  the 
grade  classifications  and,  of  course,  apply  only  to  renting  devel- 
opments. 

Grouping  of  Types. — The  composition  of  house  units  to  form 
a  block  should  be  guided  by  the  following  fundamental  considera- 
tions: 

1.  The  houses  adjacent  to  one  another,  if  they  are  detached 
units,  should  be  of  types  which  will  permit  of  as  great  privacy 
as  possible.  This  is  accomplished  by  arranging  that  the  windows 
of  one  do  not  come  directly  opposite  those  of  another  and,  if 
possible,  so  that  the  stair  side  faces  the  living  quarters  of  the 
opposite  house. 
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2.  House  plans  should  be  arranged  so  a*  to  have  as  little  con- 
t.H  possible  in  location  of  porches  and  also  to  guard  against 

the  rear  service  of  one  house  being  in  full  view  of  the  front  porch 
of  the  n« 

3.  Monotony  should  be  avoided  by  the  employment  of  types, 
and  by  exterior  variations  of  the  same  plans,  to  assure  a  pleasing 

:*t,  especially  in  the  composition  of  roof  lines.  This  may 
also  be  done  by  reverainK  the  plan  of  the  same  type  occasionally. 
Variation  by  merely  paint  mu  in  different  colors  is  of  doubtful 
value,  because  by  thus  calling  att  <>  the  elements  of  the 

design,  the  similarity  in,  if  anything,  more  quickly  noted,  and 


'  —  Group   of   four-family   apartment    houM«   arranged   about   a   court; 

'.iniin  Village. 


because  usually  some  one  color  scheme  is  productive  of  the  best 
.  and  the  houses  treated  otherwise  sufiVr  in  consequence. 

•  •  should  be  a  feeling  of  unity  in  the  general  composi- 

md  in  the  arrangement  of  the  individual  Mocks.     By  this 

•T  m«-ant  that  t  ho  houses  of  a  given  block  must  all  be  pa 

exactly  alike  or  be  exactly  similar  in  the  exterior  details,  but 

they  should  look  as  though  they  all  belonged  to  the  same  general 

group.    The  pla.-ini:  of  a  one  story  house  next  a  two  and  a  half 

limiso.  or  flu*  plai-iiit!  of  a  Ha  '-roofed  row  type  next  to  one 

with  sloping  roof  should  be  condemned.    These,  although  ex- 

treme  cases,  serve   to  illustrate  by  exaggeration.    Fig.  49  is 

illustrative  of  good  grouping. 


:ur, 
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Where  to  draw  the  line  between  monotony  and  restlessness, 
caused  by  >  i  n  \ •  i  i  m  too  hard  for  variation,  is  a  delicate  task ;  labored 
variety  produces  an  unpleasant  effect.  Similarity  <>f  >l>.i|><  and 
contour  must  not  be  confounded  with  sameness  of  archil «•« -tural 
style;  and  nothing  is  more  pleasing  than  a  development  in  which 
a  general  uniformity  of  exterior  material  and  architectural  style 
has  been  observed,  and  in  which  variation  is  obtained  by  ingen- 
uity in  the  <-oni|M)sition  of  the  individual  house,  its  relation  to 
its  neighbors  and  the  delicate  contrast  of  minor  arcliitrrinr.il 
details. 


Fio.  50.  —  A  row  garage  and  service  open  spare,  Sun  Hill  project  <>f  the 

Fleet  Corporation:  an  alt«-rnat  ivr  to  ron-t  rnctinj?  the  individual    rear  lot 


The  Garage.  —  The  automobile..  whether  it  be  called  a  luxury 
or  a  convenience,  is  becoming  more  and  more  a  part  of  the  gen- 
eral family  equipment.  Low  priced  cars  have  been  developed 
to  a  point  where  it  is  just  as  possible  for  the  working  man  to  have 
one,  as  far  as  first  cost  is  concerned,  as  to  own  a  piano.  The 
fact  is  that  many  do  own  automobiles.  Some  means  of  housing 
them  is  as  necessary  as  shelter  for  other  belongings. 

Single  Garage.—  -Only  in  the  case  of  the  more  expensive 
grade  of  house  should  the  single  garage  be  provided;  First,  be- 
cause very  often  these  houses  are  of  the  detached  type,  which 
allows  sufficient  room  for  the  garage  without  undue  crowding  of 
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the  yard  apace;  Second,  became  the  man  living  in  such  a  home 
can  better  afford  to  pay  the  increased  rental  on  the  property;  and 
because  it  is  fairly  safe  to  say  that  any  tenant  occupying 
the  house  will  possess  an  automobile. 

Row   Garage. — Garage    accommodations  for  Grade   B  and 
for  some  Grade  C  houses  should  be  effected  by  Imildnm  a  h 
of  garages  at  a  selected  place,  convenient  to  the  houses.    The 
pe  is  economical  in  construction  and  in  use  of  land,  and 
both  roHult  in  apprvnal-U    lo\svr  rental. 

In  this  ehuw  the  DOM  <>f  every  man  owning  a  machine  is 

much  in.  KIM  in  the  Grade  A  class,  and  to  place  a 

garage  on  every  lot  would  result  in  some  IviiiK  idle  ami  Uie  rear 
yards  would  be  OOCUJH  these  building,  which  would  yield 

no  return.      Further  than  this   tin-  strictest   control  would  not 
•  -ni«-  thr  h-ndency  to  iwo  these  idle  garages  for  the  general 
aeeuniul.it  ion  of  refuse.    The  battery  garage  is  susceptible  V 
same  line  of  reasoning  as  appl  multiple  dwelling  and  is 

consequently  the  logical  type  to  use  in  such  cases.  Such  a  row 
is  shown  ">0. 

ige  Construction. — Garages  should  be  large  enough  to  ac- 
uxiate  an  average  sized  car,  with  space  for  a  work-i 
and  shelves  for  supplies  and  tools.     The  side  walls  need  not  have 
any   windows,   a^  it   will  Ixj  afforded  by  providing 

glass  in  the  double  entrance  doors  and  a  double  window  in  the 
rear  wall.  The  latter  should  be  placed  high  enough  to  allow 
the  workbench  to  lx*  placed  under  it. 

Regardless  of  tl  ial  used  for  the  walls,  the  found: t 

should  be  of  masonry  and  extend  below  frost  line.     A  satisfao- 
•ioor  is  constructed  of  concrete,  and  should  pitch  toward 
the  entrance.     Running  water  in  the  garage  and  electric  lighting 
are  desirable. 

In  some  localities,  ordinances  require  the  garage  to  be  of  fire- 
proof e,  brick  and  hollow  tile  walls  are  suit- 
'.'.-  !>ur|>ose.    When  cost  is  not  prohibitive,  the  single 
garage  shoul. i  he  house  it  serves.    When 
rs,  garages  should  be  in  harmony  with  the 
multiple  dwellings  of  the  neighborhood. 

BUILDING  TECHNIQUE 

A  discussion  of  the  building  technique  must  have,  as  its  key- 
lowest  possible  cost  consistent  with  permanency  of  con- 
st ruction. 
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General. — Standardization  of  materials  and  millwork  and 
quantity  production  loom  large  as  two  important  aids  in  f»» run- 
down the  cost  of  building.  In  all  avenues  of  business  it  is  chea j  K  i 
to  buy  wholesale  than  retail,  and  the  construction  of  houses  is  no 
exception  to  this  rule.  The  term  "  quantity  production",  as 
used  here,  is  not  intended  to  mean  greatness  as  n -latin*:  to  num- 
ber of  houses,  so  much  as  is  meant  large  scale  production  and 
manufacture  of  materials  of  construction  to  be  employed  in  the 
luiilding  of  the  houses.  To  buy  advantageously  in  the  greatest 
possible  quantities  necessitates  buying  the  least  possible  numlx>r 
of  different  things,  which  leads  directly  to  standardization  of 
materials  and  units  of  mill  work. 

This  theory  has  long  been  expounded  in  an  endeavor  to  bring 
down  building  cost  for  the  individual  home  builder  and  has 
resulted  in  the  commercial  specialization  by  what  is  known  as  t  he 
ready-cut  or  knock-down  houses.  The  fact  that  such  standard- 
ized complete  houses  are  already  developed  and  offer  a  wide  and 
varied  choice  has  led  to  the  suggestion  of  their  use  in  solving  t  he 
Industrial  Housing  problem.  Reasonable  as  this  may  sound,  it 
must  be  evident  that  if  care  is  exerted  in  designing  for  a  situation, 
so  as  to  use  in  all  cases  not  only  stock  sizes  of  lumber  but  also 
stock  mouldings,  frames  and  various  items  of  millwork,  i.e., 
stock  products  everywhere,  the  same  economical  results  will  be 
obtained,  and  the  additional  benefit  of  being  able  to  secure  tin- 
best  solution  for  each  problem,  rather  than  to  choose  from  a 
catalogue  the  nearest  article,  which  may  be  far  from  satisfactory. 
Site  conditions  frequently  require  much  ingenuity  to  make  the 
dwellings  fit  the  property.  When  such  ready-cut  houses  serve  a 
useful  purpose  in  a  hurry-up  job,  individuality,  not  to  speak  of 
greater  architectural  merit,  will  result,  if  individual  units  are 
designed  with  a  proper  conception  of  the  relationship  of  one 
house  to  another. 

Building  Materials. — Naturally  the  relative  cost  has  a  strong 
influence  upon  making  a  selection  of  various  materials,  and  in 
many  cases  proves  to  be  the  determining  factor.  Many  other 
considerations,  however,  must  be  carefully  noted,  even  though 
they  may  lead  to  greater  expense,  for,  after  all,  we  are  not  look- 
ing for  the  cheapest  house  in  point  of  first  cost  only,  but  tin- 
cheapest  housing  which  can  be  devised  and  still  satisfactorily 
meet  the  conditions  of  the  individual  problem. 

Local  Environment. — The  diverse  nature  of  communities  and 
the  variation  in  climatic  conditions  of  different  localities  speak 
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dilTen-nt  typos  of  buildings.  Domestic  architecture  has 
resolved  it>« -If  into  a  company  r.  ••!>•  fow  set  styles,  which  demand 
the  use  of  certain  specified  materials,  in  order  to  retain  the  char- 
acteristic* necessary  to  tho  styles. 

Each  locality  shows  a  marked  preference  for  some  one  or  more 
of  these  stylos,  and,  upon  a  careful  analysis,  it  will  lx*  found  the 
ado  i  lorahty  has  not  been  occasioned  so  much  by 

a  mere  preference  fnr  the  general  appearance  obtained  as  by  a 
process  of  reasoning  in  tho  a  to  discern  the  demand  of  the 

lability  <>f  l.iiildinu'  material  is  one  good  rea- 
son f<>r  ill.-  adoption  of  a  stylo,  as  the  cost  of  a  material  close  at 
hand  will  generally  be  less  than  cost  plus  transportation  for  some 
other  distant  material. 

The  nature  and  location  of  the  enterprise  will  exert  an  influence. 
For  instance,  it  seems  unwise  to  build  frame  or  stucco  houses  in 
a  development  located  in  the  heart  of  a  great  mill  district,  as  for 
instance  the  steel  mills  of  Pittsburgh.  The  deterioration  in  ap- 
pearance would  involve  an  abnormally  high  upkeep  cost  if  the 
houses  were  to  be  properly  maintained.  Climatic  conditions 
also  narrow  the  choice.  Developmtnts  in  localities  offering 
uninterrupted  seasons  of  warm  weather  and  brilliant  sun- 
shine must  certainly  be  treated  differently  from  those  in  cold 
weather  climates,  subjected  to  long  periods  of  gray  days  and 

DM  ''old. 

re  is  another  reason  for  adopting  a  style  for  a  development, 
which,  although  not  substantiated  by  practical  considerations, 
eless  is  important;  it  is  the  architectural  tradition  of  the 
region.  To  fully  appreciate  what  this  means  we  have  only  to 
imagine  the  ill  favor  it  would  occasion  were  we  to  foist  upon  a 
New  England  village,  rich  in  its  store  of  old  colonial  houses  or 
examples  of  cottages,  a  development  executed  in  the  style  of 
rows  so  commonly  encountered  in  the  Middle  West,  or  made  up  of 
an  assemblage  of  California  bungalows. 

The  degree  of  the  building  density  contemplated  for  a  develop- 
ment, with  the  emit  rolling  low  or  high  land  values,  will  be  directly 
reflected  in  lo  of  architecture  employed.  For  instai 

the  bungalow,  so  popular  in  southwestern  United  States  would  be 
an  ill-chosen  type  for  a  congested  manufacturing  district  of  the 
Central  States.  In  case  one  can  afford  to  spread  out, 

while  in  the  other,  in  order  to  house  as  many  people  as  possible, 
it  is  necessary  to  utilize  all  of  the  land. 
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Law  Maintenance  versa*  Personal  Preference.' — In  apparent 
contradiction  to  the  ideas  advances  for  selection  <>f  architectural 
styles  and  the  employment  of  materials,  there  is  found  in  every 
locality  and  sect  ion  of  the  country  examples  of  aivhheeturc  which 
tend  to  disprove  all  that  has  been  said.  Such  examples  rather 
add  to  the  force  of  the  arguments,  as  they  are  for  t  lie  most  part 
isolated  instances  which  have  1  >ce.n  diet  a  ted  by  personal  preference. 
It  is,  therefore,  principally  in  the  development  \\hich  is  to  be 
on  a  renting  basis  that  one  may  feel  more  free  to  suggest  stand- 
ardizing types  and  methods. 

Personal  preference  of  the  prospective  individual  home  owner 
may  cause  unwise  selection  of  materials  and  style,  which  may 
lead  to  unsatisfactory  results  and  high  maintenance  costs;  the 
magnitude  of  which  only  becomes  glaring  in  large  holdings.  The 
individual  may  have  such  a  strong  preference  for  a  frame  house 
that  he  will  be  willing  to  withstand  the  expense  of  paint  ing  every 
few  years,  and  of  replacing  portions  of  the  house  which  may  have 
deteriorated.  But,  if  this  be  multiplied  by  five  hundred  or  more 
houses,  the  cost  is  both  amazing  and  sufficiently  important  to 
make  provisions  to  minimize  maintenance  costs,  after  all,  t  In- 
most important  consideration  in  both  the  selection  of  materials 
and  styles  of  architectural  treatment. 

The  Concrete  House. — Concrete  houses  are  much  in  favor  in 
certain  localities  and  with  some  interests.  The  pronounced  ad- 
vantages are  stability,  durability,  fire  and  vermin-proof  quali- 
ties, freedom  from  repair  and  general  upkeep.  They  have  been 
objected  to  in  the  past  because  of  excessive  cost,  dampness, 
rigidity  of  floor  surface  and  lack  of  variety  in  treatment.  Many 
of  these  difficulties  have  been  eliminated  in  recent  const  rue  lion 
and  concrete  housing  is  growing  in  favor  where  large  develop- 
ments permit  the  use  of  machine  methods. 

Concrete  building,  either  by  use  of  blocks,  repetition  of  forms, 
or  by  the  unit  slab  method,  permits  the  utilizat  ion  of  large  scale 
production  methods.  It  avoids  many  difficulties  with  labor  by 
freedom  of  necessity  of  coordinating  and  assembling  several 
trades  on  the  same  job  and  by  permitting  the  use  of  common  labor 
to  a  large  extent.  The  expense  of  construction  may,  therefore, 
be  well  within  that  of  other  materials,  and  when  annual  costs 
are  considered,  the  use  of  concrete  is  likely  to  compare  favorably. 

It  is  particularly  adaptable  to  group,  row  and  apartment 
construction,  to  which  its  sound-  and  fireproof  qualities  are  well 
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adapted.  It  is  a  mistake  to  treat  concrete  surfaces  in  strained 
imitation  of  some  other  material,  and  acceptable  taste  and  good 
art  are  best  developed  by  giving  good  expression  to  the  mat- 
used.  Harmony,  variety  un.i  .1  excellence  can  be 
:iined  and  the  use  of  concrete  in  the  future  may  well  be  con- 
sidered in  industrial  housing. 

Details  of  Construction.— To  discuss  here  the  mass  of  details 
which  make  up  a  satisfactory  house  is  beyond  the  intent  of  this 
clia  it  would  seem  necessary  to  warn  against  some  of  the 

common  mistakes  observed  in  mu<  h  of  the  present  housing. 

For  example,  frequently,  to  save  material,  roofs  have  been 
n  in-in:  h  the  result  that  leaky  roofs  are  a 

common  complaint,  especially  when  poor  covering  has  been  used. 
The  roof  should  have  a  pitch  of  not  less  than  5  in.  in  12  in 
porches  and  not  less  than  6  in.  in  12  in.  for  regular  house  roofs. 
Care  should  be  exercised,  in  laying  the  asphalt  shingle  roof,  to 
see  th.-'.t  the  sin ndes  are  securely  nailed;  especially  when  the 
four-in-one  strip  shingle  is  used.  Careless  workmen  are  apt  to 
use  only  two  nails.  The  result  is  that  the  roofing  material  blows 
up,  especially  on  low  pitches,  and  leaks  oceur. 

Simplicity  of  roof  construction,  with  as  few  dormers  as  pos- 
sible, is  recommended;  both  because  of  the  expense  involved  and 
the  danger  of  leaks  where  vertical  sides  come  in  contact  with  the 
roof,  requiring  flashing.  Flat  roofs  and  decks  should  be  avoided 
as  much  as  possible,  and  when  used  should  be  covered  with  a 
good  grade  of  tin,  preferably  a  copper  bearing  tin  or  where 
practicable  a  guaranteed  compo-  r  and  gravel  roof.  The 

use  of  tin  is  also  recommended  for  flashing  occurring  on  vertical 
walls,  but  the  valleys  might  better  IK;  formed  by  using  rubbcroid 
or  some  such  material.     This  will  eliminate  the  possibiht  . 
deterioration   through  rusting  01; 

I  inadvisable  t<>  run  stucco  walls  down  to  grade  level  as 
frost  cracks  and  spalling  of  the  material  are  bound  to  result. 
Basement  walls,  when  constructed  of  concrete,  should  contain  10 
[H  -re.  -nt.  hydratedUme  to  act  as  an  integral  waterproofing.  Even 
when  this  is  done,  and  especially  when  other  kinds  of  basement 
walls  are  employed,  they  should  be  well  designed  and  constructed 
lightness.  If,  upon  inspection,  much  dampness  is 
evident,  there  should  be  an  application  of  a  membrane  system  of 
waterproofing  applied  on  the  exterior  of  the  wall,  and  where  the 

wall  abuts  a  grade,  in  which  there  is  evidence  of  a  run  of  sub- 
21 
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surface  drainage,  a  French  drain  should  be  provided  to  relieve 
water  pressure  against  the  wall. 

Great  care  should  be  exercised  in  the  laying  up  of  the  Hue  lin- 
ings in  chimneys,  in  order  to  sec  that  the  joints  rest  in  an  <  \<  n 
full  U'd  of  mortar  and  that  the  void  M  the  brickwork  and 

the  tile  lining  Ls  flushed  solid.  The  importance  of  this  provision 
cannot  be  too  strongly  recommended,  as  faulty  flues  cause  endless 
trouble  and  are  extremely  hard  to  correct. 

In  brick  houses  it  is  well  to  see  that  the  sills  of  windows  are 
well  bedded  in  a  neat  cement  grout  to  prevent  rain  driving  under 
the  sills.  The  staff  mould  on  all  windows  should  be  carefully 
designed,  not  only  to  insure  a  proper  amount  of  space-  for  apply- 
ing screens,  but  also  to  give  enough  cover  at  the  joints  to  take 
care  of  irregularities  in  brickwork  due  to  short  chipping  and  poor 
jointing. 

Wooden  construction  for  porches  should  be  eliminated  as  much 
as  possible  and  foundations  for  porches  should  be  of  masonry. 

Simplifying  the  exterior  millwork  is  recommended,  so  as  to 
use  as  little  wood  as  possible;  as,  not  only  is  the  first  cost  reduced, 
but  also  maintenance  costs,  since  there  is  less  chance  of  deteriora- 
tion  and  less  woodwork  to  paint.  Likewise,  in  the  interior,  as 
little  wood  as  possible  should  be  used.  Three  and  one-half  inch 
plain  trim  is,  if  anything,  better  than  larirer  or  more  elaborate 
finish  and  reduces  the  cost  of  millwork  and  upkeep. 

Finally,  a  word  of  warning  should  be  sounded  against  buying 
too  cheaply,  in  the  hope  of  reducing  costs.  Very  cheap  material 
will  be  found  to  effect  no  economy,  because  the  costs  of  working 
it  up  and  the  wastage  are  so  great. 

Cost  of  Materials  in  Construction. — The  item  of  cost  is  the 
question  of  greatest  interest  to  the  investor  and  owner,  and,  in 
consequence,  one  is  continually  confronted  by  the  query— 
"Which  is  cheapest,  the  brick  house,  the  frame  house,  or  the 
stucco  house,  and  what  is  the  difference?" 

To  avoid  complicating  the  matter  at  the  outset,  we  will  con- 
sider brick,  stucco  and  frame  as  general  classifications,  although 
each  of  the  three  is  subject  to  wide  variation  and  utilizes  material 
of  the  other  class.  For  instance,  what  is  commonly  known  as  the 
brick  house  may  have  solid  9  in.  brick  walls,  or  have  4  in.  of  brick 
veneered  on  regular  studded  inner  walls,  or  have  4  in.  of  brick 
backed  up  with  hollow  tile;  likewise,  the  other  constructions  are 
subject  to  many  modifications,  which  affect  the  cost. 
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Generally  speaking,  the  brick  bouse  is  more  cosily  than  istueoo, 
and  stucco  in  turn  .  more  costly  than  frame,  but  as  to  the  exact 
difference  in  the  cost  there  is  a  great  divergence  of  opinion.  This 
is  not  due  so  much  to  ignorance  on  the  part  of  those  who  should 
be  informed  on  th<-  MI). ]••<•*.  Un  rat-  iiat  the  cost 

of  materials  is  dinVn-n?  m  ditTm-nt  localities.  The  cont  of  a 
material  at  a  riven  site  is  dependent  upon  cost  at  the  source  of 
supply,  plus  transportati  I  •  is  thus  a  difficult  matter  to  offer 
any  comparison  of  costs  of  materials,  which  can  be  of  value  for 
general  »re,  the  present  condition  of  the 

markets  as  to  prices  make  it  hazardous  to  give  a  price  today  which 
will  be  of  value  tomorrow. 

ii  though  the*-  limiting  conditions  must  be  admitted,  the 
desire  to  have  .-  tiled  inf-  n,  to  be  used  in  arrr. 

•n<  1  unions  on  the  question  of  the  comparative  cost  of  differ 
methods  of  con  q  employing  various  t>uil<lmg  materials, 

has  led  to  th<:  formulation  of  tin-  f<>ll<>\\ing  tabulated  data.  The 
general  method  has  been  to  estimate  n<  quantity  of 

materials  ei  into  each  method  of  construction,  and  to 

apply  runvnt  i  ••.  the  source  of  the  material  in 

question.  Latx>r  cost  has  been  estimntr.1  and  present  union 
wages  applied  for  each  kind  of  labor  involved  in  the  various 
operations.  As  far  as  change  in  wages  is  co  ,  ill  usu- 

ally be  found  that  a  change  in  one  trade  is  followed  by  a  general 
iw*  in  the  wage  scale,  and  the.  relation  is  thus  main- 

TABLE  38. — COMPARATIVE  ESTIMATED  COSTS  PFR  SQUARE  FOOT  or  WALLS 
••»    VARIOUS    \I  -. .    ...  M 


MM 

Matrriab 

'•  •: 

Basement  and  f 
elation* 

!1.>11.,W     !:l- 

8"  X  12"  X  1 

90 

H 

Supervtructui. 

tl.t.l,- 

with  furring.  . 

4"—  4"  X  12"  X  12" 
V  thick 
4"—  sheathing 

49 

n 

5  •• 

•  0»   till- 

Stucco  on  inctal  lath 

5"  X  8"  > 

11 

34 

•  >  on  wood  lath. 
^  on  shm: 

Sniiiic  on  -M.S 
Shtnglwon  shonthnu 

Studs  and  sheathing 

.,      ,-, 
6"  lap 

-  : 

IQ 
H 
40 

tained  fairly  constant.  Finally,  iho  estimate  has  been  resolved 
into  a  common  unit,  naim-ly,  th<>  cost  of  1  sq.  ft.  of  super- 
ficial wall  area.  These  data  are  for  tin-  .-prim:  of  I'.rjo  in  the 
Pittsburgh  district  an«l  .-anno!  lx-  u^-il  forothrr  parts  <»f  tin-  coun- 
try \\ithout  recalculation  from  t  lie  original  data.  The  comparison 
is  presented  in  the  preceding  table. 

Tabulation  of  House  Costs. — In  addition  to  the  information 
given  in  tlio  above  table,  data  on  the  cost  of  houses  in  various 
sections  of  the  United  States  will  serve  as  a  good  indication, 
not  only  of  the  relative  costs  of  various  types  of  dwellings,  em- 
ploying different  materials,  but  also  \\ill  prove  interesting,  as  an 
indication  of  the  general  advance  in  cost  of  building  in  tin  last 
few  years.  A  list  of  houses  with  their  approximate  costs  ap- 
pears in  the  following  table: 

TAHLE  39. — INFORMATION  CONCERNING  COST  OF  HOUSES  IN  DIFFERENT 

Lor  A  i.i  TII  B 


Locality 

Type 

Nurni 

rooms 

l.'liuli 

\pproxitn:it«- 

attinuUwl 

cost 

Hri(lK<'jK>rt.  ('(Miii 

S<  iiii-tlctached 

4  and  bath 

Common  brick 

$.{20.{  to  3471 

101&M019 

Bri<lKi-|n>rt.  Conn.    How 

3  and  bath 

<  'oiiniicin  brirk 

1069 

I'.ils    I'.M'.l 

HrulK«  |M>rt.  Conn 

Row 

4  and  bath 

Common  brick 

B7M 

1018-1010 

New     London, 

Detached 

5  and  bath 

Frame 

3000  to  3054 

1018-1019 

Conn. 

New     London. 

Semi-detached 

5  and  bath 

Frame 

4011 

1018-1010 

Conn. 

Watcrbury.  Conn. 

Dctarh<-<! 

0  and  bath 

Stucco 

ATM 

1018-1010 

Waterbury.  (  <>im 

S-tni-1. 

6  and  bath 

Stuooo 

4755 

IMls     I'.iJ'l 

Rock  Island.  111... 

DeUrhi-d 

4  and  bath 

Frame 

1910 

Rock  Island,  III... 

Deta. 

5  and  bath 

Frame 

MM 

1018-1010 

Bath,  Maine  

Detached 

6  and  bath 

r.mrrete 

1018-1010 

Bath,  Maine  

Detached 

5  and  bath 

Concrete 

N07 

1018-1010 

Bath.  Maine  

Semi-detached 

3  and  bath 

Concrete 

KM 

1018-1010 

Aberdeen,  Md.  .  .  . 

Detached 

6  and  bath 

Frame 

4508 

1018-1010 

Aberdeen.  Md.... 

Detached 

6  and  bath 

Frame 

4475 

1018-1010 

Aberdeen.  Md.  .  .  . 

Row 

4  and  5  and 

Frame 

3575 

1'MS    H'l't 

bath 

Indian  Head,  Md. 

Detached 

0  and  bath 

Frame 

3276  to  3330 

1018-1010 

Lowell.  Mass.   .  .  . 

Detached 

5  and  bath 

Frame 

2361 

1017 

Lowell.  Mass.   .  .  . 

Semi-detached 

4  and  bath 

frame 

1032 

1017 

Worcester.  Mass.. 

Detached 

6  and  bath 

Frame 

3188-3701 

1015-1016 

New    Brunswick, 

Detached 

6  and  bath 

Hollowtilc, 

IMi 

1018-1010 

N.  J. 

Hturco 

New    Brunswick. 

Semi-detached 

5  and  6  and 

Hollowtile, 

4000  to  4173 

1018-1010 

N.  J. 

bath 

h  T  i]  rro 

Paasair,  N.  J  

Row 

4  and  bath 

Frame 

1600 

1018 

Passair.  N.  J  

Row 

6  and  bath 

PimaM 

2200 

1018 

Watcrtown,  N.  Y. 

5  and  6  and 

Frame 

3230  to  4353 

K»is    1'MO 

bath 
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S2S 


I.:- 


• 


ua!.  ,.....,.    N    \ 

Akron.  Oh.. 

Nile..  llh,u 

NU«.  Ohio 


i 

.    . 


_•,... 


i..  •  .  •  .  . 
D* 


unh     Db- 

I  * 


!:.  | 
I..-.,   ...I 


Aattd  bath 

u  .  •  mi 

Uih 

•.  •  ,-  : 
bath 

U  .  .-  : 
b*tt> 

.  .•  . .  iad 

Uib 


.  •-  :  ..  • 
1917 


I9lft-  1919 
19  1  »-  19  19 


}>.-.     ,...,:. 
-'    •          • 

:         .      ...!.,      : 


476610 

301*10 


•       ::• 


Plit»bur«h     Dto- 

I -a      .  . 


Piiubursh     Dia- 


ur«h     Dta- 

r.v 

lMi.l,ur«h       Db- 

l':i 

rm.bunh     Db- 
PitUburch 


••  .  .!..,    !,    : 

Row 

Row 
Row 


6  and  bath 
7andUth 

A  and  Uib 

0  and  bath 
4  and  batb 

A  and  bath 

1  H    :  -.  U    : 


' 


,     .   .     .   •       , 
-.1. 


4* 

t.Ir 


,:••> 


Willui«i»port.  I'm 
Newport.  It    1 

Newport.  I 

-I.  \* 
\» 

Crmdd.^k.  N. 
Cmddock.  V» 

Craddork.  \. 


Detached 

M 

I>rt.rb«d 


V. 


A  and  0  and 

batb 

tf  and  bath 
A  and  batb 

6  and  bath 

7  and  bath 
4,  A.  6.  and 

batb 

6  and  bath 
4  and  6  and 


pander  Metal 


1473 


1 ....  I 

fMN 

!  -  ..-  , 


..•:.       ;«: 
MM    MM 

441A 


«    •    '.   ,•    i 


•  •  : 


Churl 


Detached 
Detached 


0  and  bath 
8  and  bath 


19  I  ft-  1919 
19  1ft-  1919 
191ft-  1919 

1918-1919 
1918-1919 

1918-1919 
1918-1919 
1918-1919 

1918-1919 
1918-1919 

1912 
1916 

1918-1919 

1918-191* 

1918-1919 

1918-1919 

1918 

1918 

1918-1919 
1916 

1918-1919 

1918 
1918 


aaa 
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DETERMINATION  OF  ACCOMMODATIONS  REQUIRED 

The  following  development  of  the  method  of  arriving  at  the 
required  number  and  grades  of  houses  and  quarters  for  families 
and  unmarried  workers  is  illustrative  of  the  procedure  to  be 
followed  in  applying  the  suggestions  made  in  this  .-md  the  fol- 
lowing chapter.  The  data  as  to  the  number  and  classification 
of  the  employees  and  the  wages  paid,  while  corresponding  to 
actual  conditions  now  prevalent,  arc  not  susceptible  of  general 
application,  owing  to  the  variations  present  in  any  particular 
case,  but  the  presentation  of  the  outline  of  the  method  may  be 
helpful  in  making  similar  surveys  of  housing  requirement  s. 

A  town  site  is  assumed  for  an  industrial  plant,  in  which  it  is 
estimated  5000  people  will  be  directly  employed.  The  determi- 
nation of  number  of  houses  and  other  accommodations  required 
is  based  on  the  number  on  payroll.  The  determination  of  the? 
grades  and  types  of  houses  is  based  on  the  wages  of  employees. 

Forecasted  Payroll. — A  forecast  of  the  immediate  payroll. 
divided  into  skilled  and  unskilled  labor  and  showing  the  numl.er 
of  married  men,  single  men,  women  and  minors  of  both  native 
and  foreign  workers,  is  shown  on  the  following  table. 

TABLE  40. — FORECASTED  IMMEDIATE  PAYROLL 


Skilled 

labor 

Unskillec 

labor 

CIa»  Of 

tebot 

M 

en 

Mi- 

M 

en 

Total 

work- 

Mar- 
ried 

Hack 

Wom- 

.11 

nora 

Mar- 
ried 

Single 

\\  din- 
en 

Mi- 
nors 

er* 

Nativo 
Foreign  .  . 

800 
200 

200 
300 

50 
0 

0 
0 

200 
50 

MM) 

1,800 

150 
0 

300 
150 

2,500 
2,500 

Total 

1,000 

500 

50 

0 

250 

LMKK) 

150 

450 

5,000 

The  following  table  shows  the  forecasted  payroll  subdivided 
according  to  wage  scale. 


Ch**. 

, 

V 

v 

»•" 

• 

" 

... 

• 

Married  skilled  native 
workmen   

:** 

150 

100 

100 

workmen 

100 

76 

25 

Married    nkilk.l    foreign 
workmen 

50 

85 

0 

20 

10 

1 

Marrir.luu.kill,,!  foreign 
workmen  

10 

10 

Total  married  workmen  .  . 

0 

IK) 

170 

no 

workmen 

10 

30 

70 

40 

30 

0 

Unmarried  unskilled  na- 
1  workmen 

aoo 

150 

50 

Unmarrit-i                 .reign 

workmen 

n 

150 

50 

30 

•n 

•i, 

irried  unskilled  for- 
eign workmen 

l.JtHI 

UN. 

unnmrrietl     \\ork- 
in.-n 

0 

1,800 

S<H» 

210 

80 

100 

00 

30 

20 

Skilled     native    women 

worker* 

40 

10 

Unskilled  native  women 

wnrkcro 

I-:. 

25 

Unnkillexl  native  minors.  , 

no 

to 

rn-.kjll.il  f..n  mi,  min..r- 

MO 

10 

Total  \\IIIIH-II  A  minor^ 

:i«.m 

is:, 

65 

10 

0 

0 

Grand  total  ........ 

too 

J  IJ.-. 

1  10 

i  •:, 

Number  and  Grades  of  Houses  Required. — Grade  C  homes 
will  U?  provided  for  married  workmen  receiving  loss  than  $7.00 
'.y.  Til.-  <ir:ulr  H  Hoiisrs  will  IKJ  provided  for  married 
\\urkinrii  riTi-ivinK  from  $7.00  to  $0.00  per  day.  The  Grade  A 
houaea  will  be  provided  for  married  workmen  receiving  $0.00 
and  more. 

Table  41  shows  that  tlu>re  are  585  married  men  receiving  leas 
than  $7.00  per  day;  450  married  workmen  rwiving  fmm  $7.00 
to  $0.00  per  day;  215  married  workmen  receiving  $0.00  or  more 
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per  day.     Therefore,  there  will  be  required  585  Grade  C;  450 
Grade  B;  and  215  Grade  A  Houses. 

Quarters   Required   for  Single  Workmen. — The  number  of 
rooms  required  for  single  men  is  based  on  the  number  of  single 


D1TACE  OUSE 

/.«* 


Fio.  51. — Small  boarding  house  of  the  typo  built  at  the  Wyandotte,  Michigan, 
project  of  the  Emergency  Fleet  Corporation;  effective  separation  between  the 
family  and  the  boarders  is  secured. 

men  on  the  forecasted  payroll.  The  grades  of  rooms  to  !><> 
provided  are  based  on  the  wages  received  by  the  single  men  and 
also  whether  they  are  native  or  foreign  workmen. 

On  this  basis  six  grades  of  rooms  are  to  be  provided  as  follows: 


FAMILIES 


Grade  U  for  high  wngc  native  single  workmen. 
Grade  V  for  medium  wago  native  single 

\V  for  low 

•r  high   wage 


Grade  Y  for  medium  wage  foreign  angle  workman. 
low  wage  foreign  Angle  workmen. 


In  ••>iiin:iii.»K  tin-  iiiuiilN-r  of  rooms  required  for  single  men,  an 
all-wane*  must  be  made  for  the  single  men  living  in  family 
houses  cither  as  members  of  the  family  or  as  lodgrrs.  It  i- 
assumed  that  a  larger  number  of  workers  J*T  h<m«-  will  l*j  ac- 
commodated in  Grade  C  houses,  than  in  Grade  B  or  Grade  A 
houses.  Also,  that  houses  occupied  by  foreign  families  will 
have  a  larger  number  of  workers  per  houw*  than  those  occupied 
by  native  families  Fig.  51  illust  rates  how  this  is  accom- 
plished with  suitable  privacy.  The  following  assumptions  are 
made  in  estimat  \\\z  t  ho  number  of  workers  per  house,  other  than 
head  of  family,  women  workers  ami  minors. 

TABLB  42.  —  ESTIMATED  NUMBER  or  SINGLE  WORK  ERA  Lnrnro  IN  FAMILY 

llol'BEB   NOT    Is«  l.i  HI  NO   WoMBK    WoftKERA    A 


0-, 

_ 

fSf 

V\v:;:'  ' 

"..'.:•'. 

£± 

A 

v<«  family 

100 

in  10 

20 

.  r  family 

IIHI 

b 

100 

.  r  fuinilv 

100 

in  2 

200 

i 

:4H  family 

15 

in  5 

3 

/; 

50 

in  2 

25 

C 

Foreign  family 

KM 

in  1 

185 

Total  

533 

If  in  :t<l<liii<>n  t<*  th<  nl,,.  ..;.  ilio  loOunskilliMl  n 

n  \\Mi-krrs  and  the  450  minors  are  assumed  to 

families,  tin-  total  so  accounted  becomes  1133  people,  in  addition 
"»0  heads  of  the  families.    That  is.  tin  n»  are  2383  workers 

liviiiir  in  thr  U.'.n  houses,  or  1.0  workers  per  house.     The  U.  8. 

Housing  Corporation  in  planning  their  projects  assumed  1.7 

workers  per  house. 

There  arc  940  native  single  workmen  receiving  less  than  $7.00 
iy.     One  of.  400  Grade  C  houses,  occupied 

by  native  families,  \\  ill  accommodate  one  additional  single  man, 
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her  as  a  member  of  the  family  or  as  a  lodger,  so  that  there  will 
iain  640  native  single  men  to  be  provided  with  Grade  W 
quarters.    Assuming  that  2  men  will  occupy  one  room  there  will 
be  required  320  Grade  W  rooms. 

There  are  110  native  single  workmen  receiving  between  $7.00 
and  $9.00  per  day.  One  of  every  four  of  the  400  Grade  B  houses 
for  native  families  will  house  a  single  man,  so  that  there  will 
remain  10  single  native  workmen  to  be  provided  with  Grade  V 
quarters.  Assuming  that  one  man  will  occupy  a  room,  there  will 
be  required  10  Grade  V  rooms. 

There  are  50  native  single  workmen  receiving  $9.00  or  more  per 
day.  One  of  every  10  of  the  200  Grade  A  houses  for  nai 
families  will  house  an  additional  single  man,  so  that  there  will 
remain  30  single  native  workmen  to  be  provided  with  Grade  U 
quarters.  Assuming  that  one  man  will  occupy  one  room  there 
will  be  required  30  Grade  U  rooms. 

There  are  2050  foreign  single  workmen  receiving  less  than 
$7.00  per  day.  Each  of  the  185  Grade  C  Houses  for  foreign 
families  will  house  an  additional  foreign  single  workman,  so 
that  there  will  remain  1865  foreign  single  workmen  to  be  provided 
with  Grade  Z  quarters.  Assuming  that  two  men  will  occupy 
one  room,  there  will  be  required  932  Grade  Z  Rooms. 

There  are  50  foreign  single  workmen  receiving  between  $7.00 
and  $9.00  per  day.  One  of  every  two  of  the  50  Grade  B  houses 
and  one  out  of  every  5  of  the  15  Grade  A  houses  for  foreign 
families  will  house  an  additional  foreign  single  workman,  so 
that  there  will  remain  22  foreign  single  workmen  to  be  provided 
with  Grade  Y  quarters.  Assuming  that  2  workmen  will  occupy 
one  room,  there  will  be  required  1 1  Grade  Y  rooms. 

There  are  no  foreign  single  workmen  receiving  $9.00  or  more 
per  day,  so  that  no  Grade  X  quarters  need  be  provided. 

Quarters  for  Women  and  Minors. — It  is  assumed  that  50  of  f  IK* 
200  women  employees  must  be  provided  with  single  quarters. 
Allowing  one  woman  for  each  room  there  will  be  required  50 
special  rooms  for  women  employees. 

It  is  assumed  that  the  300  native  minors  and  the  150  foreign 
minors  will  live  with  families  so  that  no  single  quarters  will  be 
required  for  them. 

Summary  of  Houses  and  Rooms  Required. — Below  is  shown 
tabulated  number  and  grades  of  houses  and  rooms  required: 
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Grade  .4   !!ou«»  for  Native  Fmmiliea  -200 

Grade  H  llou*e*  for  Native  Farm  IK*  -  400 

Grade  C  Hotue*  f..  -  400 

tirade  4  ilouaw  for  Foreign  Familial  -    15 

Grade  B  House*  for  Foreign  Families 
Grade  C  Houeej  for  Foreign  Familim 
Grade  V  Room*  for  Native  Single  Workmen        30 
Grade  V  Room*  for  Native  Single  Workmen        10 
Qrad>  ii-  u.H.n  i  ta  NatfoflBgli  Wo  kmea      BO 
Grade  X  Room*  for  Foreign  Single  Workmen     None 
Grade  Y  Room*  for  Foreign  Single  Workmen       1 1 
Grade  Z   Roomi  for  Foreign  Single  Workmen     032 
Special  Room*  for  Women  Employee* 
Room*  for  Minor*  None 


CHAPTER  XI 
BUILDINGS  OTHER  THAN  HOUSES 

QUARTERS  FOR  SINGLE  MEN — QUARTERS  FOR  SINGLE  WOMEN — 

STORES     AND     APARTMENTS — SPECIAL     SERVICE 

BUILDINGS — BUILDINGS  FOR  SOCIAL  NEEDS 

Introduction.— Buildings  to  supply  the  physical  wants  and 
the  social  needs  of  a  community  are  secondary  in  importance 
only  to  the  dwelling  houses  themselves.  Their  necessity  is 
more  urgent  in  the  rural  than  in  the  urban  development,  due  to 
t  he  fact  that  the  latter  is  nearby  to  established  facilities  of  this 
kind.  A  decision  on  what  buildings  (hereafter  referred  to  as 
Special  Service  Buildings)  are  necessary  in  a  given  development, 
must  be  made  before  the  general  plan  can  be  put  into  effect. 
The  location  of  such  buildings  must  be  apart  of  the  scheme  of  the 
town  plan;  but  the  design  of  the  separate  units  in  the  specified 
locations  and  the  relation  to  the  general  housing  project  must  be 
the  work  of  the  architect.  It  is  this  phase  of  the  problem  which 
will  1*3  discussed  in  this  chapter. 

Character  of  Special  Buildings. — Under  "Special  Buildings" 
the  following  lists  of  buildings  will  be  discussed: 

Buildings  which  supply  Buildings  which  supply  social 

physical  needs  are: —  and  ethical  needs  are: — 

Quarters  for  single  men  School  houses 

Quarters  for  single  women  Assembly  hall 

Stores  Churches 

Laundry  Community  house 

Bakery  Club  houses 

Refrigerating  Plant  Gymnasia 

Hospital  Theatres 

The  problem  of  drawing  up  programs  for  all  such  buildings, 
in  terms  of  the  service  they  should  render,  confronts  one  at  the 
outset.  As  to  the  buildings  designed  to  cater  to  the  physical 
needs,  one  can  intelligently  forecast  what  the  limiting  conditions 
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of  tlu;  program  should  be,  a*  there  is  tangible  information  to 

mn. I. -.    <  ..?..  .-innm  i In-  buildings  designed  to  supply  the  social 
needs,  as  such  are  products  of  the  personal  el  .sin.  ii   in 

anew  <|r\i-|iipmniT  an -unknown  factor-,  a  ui-<    .I.-.-i-mn  j|   BON 
difficult 

The  method  of  management  of  the  development,  and  the 
sol  the  investment— whether  the  houses  are  to  be  rented  or 
*»M  must  also  be  considered  in  making  provision  for  these 
buildings.  If  tin-  building  company  is  to  retain  ownership  of 
houses  and  institutions  and  manage  the  community,  then  it 
may  more  readily  predetermine  the  character  of  these  special 
building*.  This  method  of  management,  however,  has  been 
unsuccessful  in  many  cases,  as  people  and  particularly  Ameri- 
cans, resent  being  directed  without  participating  in  the  govern- 
and  they  also  dislike  having  their  amusements  prescribed 
for  them. 

The  result  often  has  been  that  the  social  features,  offered  at 
considerable  expense,  have  been  practically  rejected  by  the  people. 
w  of  this  fact,  \\oul-.  r  merely  to  allot  suit- 

able space  for  such  features  and  forget  about  the  design  or  con- 
st met  ion  of  them  until  such  time  as  plans  canlx-  int« -Hip -ntlv 
formulated?    Then  such  will  not  only  reflect  the  desires  of  tin- 
people  to  be  served,  but  also  allow  their  participation  in  the 
•  .ft  he  plans.      Approaching  the  matter  in  this  way, 
one  may  overcome  the  backwardness  the  workman  feels  in  ac- 
:ig  a  service  from  others  which  smacks  of  paternalism,  or 
possibly  of  disguised  charity. 

The  character,  size  and  general  plan  of  the  buildings  will  be 
•nint-d  by  tin1  service  they  offer  and  the  mimlHT  and  class 
of  people  to  receive  such  service.    The  next  step  must  be  a  de- 
cisicn  regarding  the  kind  of  construction  and  the  building  ma- 
ils to  be  employed. 

''ling  Materials. — The  fact  that  the  buildings  are  for  the 
most  part  larger  than  the  house  units  tends  to  intensify  lack  of 
harmony  between  them  and  the  dwellings.  For  this  reason 
care  must  be  exercised,  not  only  in  the  selection  of  materials, 
but  also  in  the  expression  of  architectural  treatment,  in  order 
to  insure  no  discordant  notes,  or  feeling  of  intruded  commercial- 
ism in  the  general  scheme.  As  to  appearance,  it  should,  I 
ploying  somewhat  the  same  materials  and  architectural  style, 
conform  to  the  general  character  of  the  develop™ 
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In  regard  to  the  question  of  economy,  in  building  and  mainte- 
nance costs,  that  which  is  true  of  the  general  housing  program 
will  also  obtain  for  special  buildings. 

The  motives  which  impel  the  provision  of  special  buildings, 
together  with  the  requirements  to  insure  satisfactory  results, 
will  now  be  discussed. 

QUARTERS  FOR  SINGLE  MEN 

The  number  of  single  men  employed  in  industrial  plan's  varies 

with  the  character  and  location  of  the  industry.     To  provide 

for  the  housing  of  these  men  it  will  be  necessary  to  consider  the 

d  number  and  the  class  of  men  to  be  housed,  in  order  to  erect 

satisfactory  quarters  for  each. 

Formerly,  the  only  provision  for  taking  care  of  single  men  was 
by  means  of  isolated  camps,  as  no  other  accommodations  \\ 
available.  In  settled  districts,  the  single  men,  with  the  possible 
ption  of  the  lower  grades  of  common  labor,  who  were  housed 
in  crowded  bunk  quarters,  were  left  to  find  lodging  places  where- 
ever  they  could  do  so.  This  has  led  to  the  result  that  the  great 
majority  were  taken  in  as  lodgers  by  private  families.  The 
hick  of  proper  accommodations  and  congenial  surroundings 
provokes  restlessness  and  dissatisfaction  among  the  single  workers, 
and  results  in  a  high  percentage  of  labor  turnover. 

This  condition  has  prompted  many  industrial  concerns  to  study 
the  housing  of  the  single  worker  with  as  great  care  as  that  of  his 
married  brother.  As  a  consequence  of  such  study,  it  is  generally 
believed  that  there  should  be  three  distinct  grades  of  quarters 
for  single  men,  which  may  be  considered  as  analagous  to  the 
grades  suggested  for  married  men  and  will  be  referred  to  as  Grades 
D,  E  and  F. 

Boarding  Houses. — The  most  generally  accepted  type  of 
building  for  the  low  and  middle  classes  of  labor,  Grades  F  and  E, 
respectively,  is  the  "Boarding  House".  A  literal  view  of  the 
term  "Boarding  House"  might  lead  to  the  impression  that  these 
houses  were  to  serve  merely  as  eating  places,  which  is  not  the 
case,  as  they  offer  the  facilities  for  both  dining  and  lodging.  The 
lower  priced  the  grade  of  labor  to  be  housed,  the  larger  the  unit 
for  this  purpose;  the  reason  being  one  of  cost.  Since  less  rental 
can  be  expected  from  the  low  paid  workman  than  from  those 
receiving  higher  wages,  the  building  costs  must  likewise  be  held 
down;  group  life  accomplishes  this.  The  same  arguments  as  to 
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costs,  nhich  obtained  in  the  case  of  single  and  multiple  dwelling 
houses,  will  apply  here  with  equal  lie  greater  the  number 

of  rooms  under  a  single  roof,  the  less  the  cost  per  room,  for  Un- 
reason that  not  only  are  building  costs  reduced,  but  also  a  saving 
in  land  and  operation  is  effected.  The  sixe  of  the  units  is  a 
question  for  each  development  to  decide  for  itself,  in  considera- 
tion of  the  number  of  men  of  different  classes  to  be  housed  and 
the  policy  of  the  company  as  regards  the  operation  of  the  units. 

Two  methods  are  suggested  regarding  types  of  boarding  houses 
ompany  concerning  the  operation  of  such 
inn's. 

First,— email  units,  designed  in  such  a  way  as  to  provide 
accommodations  for  a  family  who  shall  run  the  house,  and  in 
addition  a  separate  portion  of  the  building  for  boarders. 

Second,— large  units  which  shall  be  managed  directly  by  the 
company. 

Small  Boarding  Houses. — This  type  should  not  house  more 
boarders  than  the  housewife  can  conveniently  take  care  of  with- 
out interference  with  her  own  domestic  duties.  The  house  must 
be  so  designed  that  the  seclusion  of  that  portion  of  the  dwelling 
occupied  by  the  family  shall  be  complete;  this  will  necessitate  a 
separate  entrance  for  the  boarders  and  means  of  circulation  from 
living  quarters  to  the  dining  room  without  passage  into  or 
through  the  family  apartment.  Although  double  rooms  for 
boarders  are  more  economical  than  single  rooms,  the  latter  are 
f:ir  more  desired  by  the  tenants  and  generally  more  satisfactory. 
Each  boarder's  room  should  have  a  clothes  closet.  An  interest 
ing  design  of  a  small  boarding  house  is  shown  in  Fig.  51. 

No  separate  recreation  room  need  be  provided,  as  the  general 
dining  room  may  readily  serve  for  this  purpose.     In  such  case, 
:i  separate  dining  room  for  the  family  should  be  pro- 
vided, or,  in  the  cheaper  grade,  the  kitchen  may  be  made  large 
enough  to  allow  its  use  for  dining  purposes. 

Ample  toilet  room  facilities  should  be  provided  for  the  use  of 
boarders,  arranged  so  as  to  be  separate  from  similar  accommoda- 
tions for  the  family  use. 

Heating,  lighting  and  ventilation  should  be  the  same  as  before 
suggested  for  single  house  types  of  the  corresponding  grade. 

Larger  Boarding  House*.— The  operation  of  the  larger  boarding 
house  should  be  directed,  if  not  controlled,  by  the  company. 
This  is  best  accomplished  by  putting  the  building  in  charge  of  a 
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custodian,  who  should  reside  in  t  lie  1  milding  and  be  solely  respon- 
sible for  its  satisfactory  operation  in  every  particular.  Such  an 
unit  is  shown  in  Fig.  52. 

The  office  of  the  custodian  should  be  located  in  such  a  posit  ion, 
on  the  ground  floor,  as  to  enable  him  not  only  to  watch  the  main 
entrances,  but  also  the  entrance  to  the  dining  room.  If  the 
building  is  large  enough  to  warrant  such  an  arrangement,  the 
bedrooms  should  be  in  wings,  separated  by  a  central  structure 
in  which  the  dining  hall  may  be  located  on  the  first  floor  and  a 
large  recreation  hall  directly  above  it  on  the  second  floor.  When 
such  a  plan  is  used,  there  should  be  a  corridor  providing  circula- 


FIQ.  52. — A  boarding  house  for  the  accommodation  of  forty  laborers. 

tion  from  one  wing  to  another  so  that  the  dining  hall  need  not  be 
used  for  this  purpose. 

There  should  be  stairways  in  each  wing,  preferably  placed  so 
as  to  start  from  the  circulating  corridor  and  to  land  at  a  point 
centrally  located  in  the  second  floor.  This  will  necessitate  the 
least  amount  of  travel  to  reach  the  greatest  number  of  second 
floor  rooms  and  "main  recreation  hall,  and  will  cause  the  mini- 
mum circulation  past  bedrooms.  Dark  portions  of  the  build- 
ings should  be  used  for  storage  space  and  toilet  units,  provided 
adequate  window  area  can  be  planned  in  the  latter  case.  Pro- 
vision should  be  made  for  porches,  or  at  least  some  space  where 
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the  men  can  tit  out-of-door*.     Tin-  kitchen  service  to  the  dining 
room  should  bo  a*  direct  as  possible,  preferably  through  up 

uld,  in  addi'i-.n,  be  00  placed  as  to  be  readily  accessible 
from  the  service  yard. 

Requirements  of  Different  Grades. — The  different  grades  of 
l>uil<  lings  will  bo  indicated  by  the  extent  of  facilities  furnished  and, 
fore,  by  the  expense  of  construct  inn ;  the  lesser  equipped 
I. ml, lings  being  for  lower  waged  workmen  and  the  more  expen- 
sive for  thr  higher  priced  ones. 

Grade  F  HuiMing». — A  cellar  under  the  entire  building  is  not 
essential,  l»ut  that  which  is  provided  should  be  equivalent  to 
the  follo\\ 

The  minimum  height  should  be  7  ft.,  well  lighted  and  cross 
ventilated.  The  floor  should  be  of  cement,  sloped  to  drains. 

In  portions  \vhm-  the  cellar  is  omitted,  the  building  should  be 
;>  on  masonry  walls  or  pi«-rs  \\hich  must  be  carried  below 
frost  line.    The  clear  air  space  in  such  ]x>rtions  should  1> 
in  h.  i-ht,  enclosed  and  ventilated,  with    provision  for  ground 

dings  under  four  stories  in  need  not  be  fireproof 

in  general  construction,  but  wh.-n  over  tlm^  stories  they  should 
be  fireproof  throughout.    In  buildings  of  three  stories  or  less, 
having  an  area  exceeding  3,000  sq.  ft.,  there  should  be  fire  walls 
constructed  of  brick,  terra  cotta,  stone  or  concrete  placed  in 
Hi'-h  a  manner  that  no  portion  with  an  area  of  more  than  3,000 
.«!-  ft.,  should  «A!--  unless  enclosed  by  such  fire  walls.     Further- 
in  biiiMirii's  of  this  type,  when  so  arranged  that  sleeping 
.;•  in  wings,  radiating  from  a  common  central  struc- 
each  such  unit,  regardless  of  whether  it  exceeds  the  area 
•  called  for,  should  U*  separated  by  fire  walla.    Stand  pipes 
Is  should  be  provided,  BO  that  any  portion  of  the 
building  can  be  reached  wit)  ol  hose. 

In  two  story  buildings,  no  other  means  of  egress  than  the  regu- 
lar stairs  and  stair  halls,  as  1  r  called  for,  need  be  pn>- 
vidiN  1 .  s  of  t hree  stories  or  more,  adequate  means 
of  passage  to  the  street  or  yard  should  be  provided,  either  by 
additional  stairs  enclosed  in  fireproof  walls,  tin-  tower  or  stair- 
way fire  escape.  All  -:<•!>.  additional  means  of  egress  should  be 
m  th«  main  stairs,  and  located  so  that  no  room  shall 
be  more  than  40  nt.  When  exterior  metal  fire  escapes 
arc  used,  they  should  be  reached  through  fireproof  self-closing 
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doors,  made  to  swing  out,  and  landings  on  such  should  be  so  ar- 
ranged that  descent  will  not  require  persons  to  pass  in  front  of 
windows. 

All  stairs  and  stair  halls  should  be  not  less  than  3  ft.  wide 
in  the  clear  and  when  enclosed  in  fire  walls,  as  above  called  f<>r. 
doors  should  swing  out  toward  the  stair  hall,  so  as  not  to  obstruct 
free  passage. 

Dumb  waiters  and  elevators  should  have  their  own  separate 
losure  with  fireproof  doors. 

Unless  connected  with  a  central  heating  plant,  provision  should 
be  made  for  independent  low  pressure  steam  heating.  Radia- 
tors in  bedrooms  should  be  placed  under  windows. 

One  water  closet  for  every  12  men,  one  urinal  per  16  men,  one 
lavatory  per  8  men  and  one  shower  per  10  men  are  necessary. 
Bathtubs  are  not  absolutely  necessary.  All  toilet  rooms  should 
have  the  floor  surfaces  of  an  impervious  material  other  than  con- 
crete. A  toilet  should  be  provided  in  the  basement  for  use  of 
such  workers  and  attendants  as  occupy  that  part  of  the  building. 

Each  floor  should  have  a  separate  toilet  room,  with  sufficient 
fixtures  to  conform  to  the  listed  requirements.  In  cases  where 
isolated  or  partially  isolated  wings  occur,  additional  toilet  rooms 
should  be  provided,  so  that  the  lodgers  may  reach  a  toilet  without 
going  outside  the  wing  in  which  they  are  housed.  The  placing 
of  lavatories  and  showers  in  a  room  separate  from  toilets  and 
urinals,  while  not  a  minimum  requirement,  will  be  found  a  more 
satisfactory  arrangement;  and,  so  arranged,  that  the  rooms  are 
communicating.  All  toilet  and  bathrooms  should  have  windows 
opening  directly  to  the  outer  air.  Separate  service  closets, 
with  slop  sinks,  should  be  provided  one  to  each  floor,  or  more 
where  isolated  conditions  as  stated  above  occur. 

Adequate  provision  should  be  made  for  housing  the  permanent 
servants  of  the  building  and  also  the  custodian  or  superintend- 
ent .  These  quarters,  together  with  their  toilet  accommodat  ions, 
should  be  entirely  isolated  from  that  portion  of  the  building  oc- 
cupied by  lodgers.  The  general  dining  hall,  recreation  room, 
office  for  the  custodian,  kitchen,  pantry  and  servants'  dining 
room  should  be  provided.  The  size  of  all  such  rooms  will  be 
dependent  upon  the  number  of  men  to  be  accommodated.  All 
public  rooms,  such  as  dining  hall,  recreation  rooms  and  corridors 
should  have  heights  of  9  ft.  to  12  ft.;  bed  rooms  should  have  a 
minimum  height  of  8  feet. 
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The  number  of  room*  is  not  subject  to  determination  hero, 
hut  t HH!  roonui  should  be  designed  as  single  rooms.  These  should 
have  a  minimum  un-a  of  70  mj.  ft.  ami  a  minimum  width  of  7  ft. 
They  should  be  designed  so  ss  to  allow  for  the  minimum  furniture 
called  for  in  the  following 

Single  bed,  :t  ft.  3  in.  X  6  ft.  6  in. 

Combination  wardrobe  and  dresser,  2  ft.  0  in.  X  3  ft.  6  in. 

Writing  table,    1  ft.  6  in.  X  2  ft.  0  in. 

One  ch 

The  furniture  should  be  indicated  carefully  to  scale  on  the 
plans.  Built-in  dot  lies'  closets  for  the  bedrooms  need  not  be 
a  minimum  requirement. 

Each  single  bedroom  should  have  at  least  one  window,  with 
a  free  area  of  12  square  feet.  Doors  to  bedrooms  should,  when 
possible,  be  placed  opposite  one  another,  and  should  have  tran- 
soms, <>r  1. 'livers. 

•  Imu'-  should  be  wired  for  el«  Corridor  lights,  and 

illumin.it ion  in  tin-  dining  hall  and  recreation  room  should  be 

•ii  a  panel  board,  located  in  or  close  to  the  custodian's 

office.    Brack*  should  U   provided  in  bedrooms,  in  such 

ion  as  to  furnish  light  at  the  dresser,  these  lights  to  be  con- 

tn.llrd  at   thp  fixtures.    Other  lights  should  be  controlled  by 

switches  conveniently  located. 

It  is  suggested  that  base  plugs  be  provided  in  corridors,  dining 
rooms,  recreation  rooms,  kitchen  and  laundry,  for  the  purpose  of 
connecting  up  such  electrical  appliances  as  may  be  needed  in 
cleaning.  At  points  close  to  stairs,  fire  exits  and  hose  reels, 
gas  pilot  lights  protected  with  red  shades  should  be  provided  in 
full  view  from  the  corridor. 

(Trade  E  Huihlings. — In  addr  tic-  minimum  requirements 

listed  for  Grade  F  buildings,  the  following  should  be  provided 
i  lose  of  Grade  £. 

The  bath  should  be  separated  from  general  toilet.  At  least 
one  bathtub  should  be  provided,  in  addition  to  showers. 

Bedrooms  should  have  a  minimum  area  of  85  sq.  ft.,  with  a 
minimum  width  of  8  feet. 

Clothes  closets  should  be  directly  connected  with  bedrooms. 

Lights  for  bedrooms  should  include,  in  addition  to  bracket 
fixture,  a  ceiling  light  controlled  by  switch  at  door. 

•  le  D  Buildings. — The  single  men,  for  whom  the  Grade  D 
buildings  are  designed,  will  be  the  more  highly  skilled  mechanics, 
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shop  foremen,  minor  superintendents  and  the  higher  salaried 
office  employees.  These  demand  higher  standards  of  living  {lnd 
insist  up<»n  a  typo  of  l-uilding  and  policy  of  operation  which  will 
permit  an  expression  of  their  individuality.  This  leads  to  a 
desire  for  a  smaller  and  more  intimate  type  of  dwelling  place, 
where  occupants  may  enjoy  a  close  comradeship.  This  is  best 
accomplished  in  a  building  operated  by  the  residents  themselves 
as  a  club  house.  The  positions  occupied  by  this  class,  being  of 
a  more  permanent  character,  create  a  desire  on  the  part  of  the 
men  for  congenial,  homelike  living  quarters,  in  which  they  can 
feel  a  personal  controlling  interest. 

This  grade,  therefore,  should  have  a  comparatively  large  room, 
to  be  used  as  a  general  living  or  reading  and  smoking  room. 
In  addition,  another  good  sized  room  should  be  provided  in 
which  a  billiard  or  pool  table,  card  tables,  and  games  can  be 
accommodated. 

The  bedrooms  should  be  larger  than  in  Grade  E  or  F  houses, 
in  order  that  more  furniture  may  be  comfortably  arranged. 
Toilet  and  bath  accommodations  should  be  more  amply  provided. 
The  building  generally  should  have  a  more  domestic,  homelike 
character  than  the  larger,  lower  grade  boarding  houses,  the 
very  nature  of  which  precludes  the  possibility  of  overcoming  the 
feeling  of  institutionalism  which  always  exists. 

QUARTERS  FOR  SINGLE  WOMEN 

Special  buildings  for  housing  women  will  in  most  developments 
be  found  unnecessary.  In  many  cases  a  few  single  women  will 
readily  find  quarters  as  lodgers  with  private  families.  However, 
t  here  are  some  industries  which  employ  women  almost  exclusively, 
and  it  will  be  necessary  to  provide  suitable  quarters  for  them, 
especially  since  the  great  majority  of  these  workers  are  young 
girls,  many  of  whom  have  left  homes  in  other  localities  in  order 
to  obtain  employment.  The  result  of  providing  such  quarters 
will  accomplish  great  attendant  benefits  in  the  happier  social 
life  and  companionship,  aotrRrspeak  of  moral  and  social  protec- 
tion which  the  p*rlg 


Management  of  Boarding  Houses.  —  The  operation  of  these 
units  is  similar  to  the  corresponding  units  for  men,  wrHv-the 
dig£aesBiice<tfaati^Hnatran  nfltrmtg  asjjbe-custodfan^  It  is  sug- 
gested that,  in  the  operation  of  this  type,  it  will  be  found  that  a  « 
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board  of  control,  elected  by  the  lodgers  from  their  own  number 
an. I  workmu  u  i<  li  the  matron,  will  greatly  facilitate  the  problems 
of  management  and  eliminate  between  the  authors 

agency  mul  t  lioao  enjoying  the  privileges  offered  by  f uch  hotting. 

Requirement*  of  Boarding  Hou**.—Tho  subject  of  qua 
for  women  workers  will  be  considered  under  one  general  grade. 
All  requirements  relating  purely  to  the  building  t4*<  IIUKJIK-,  such 
as  fire  protection,  minimum  story  heights,  heating,  h^ht  ing,  ven- 
< -liars,  windows,  room  siies  and  materials,  may  be  gov- 
erned by  the  same  suggestions  as  offered  under  "Quarters  for 

Smul,-  M 

Requirements  for  rooms  should  be  the  same  as  those  listed 
for  turns  units,  except  that  bathrooms  an<i  <x>ras  must  be 

separated,  though  arranged  to  communir 

A  kitchenette  and  a  sewing  room  should  be  provided  on  al- 
ternate floors.  Trunk  rooms  should  be  supplied,  a*  minimum 
sised  bedrooms  will  not  accommodate  all  the  belongings  of  the 

First  floor  should  have  mat  ron's  office,  so  placed  as  to  oversee 
main  entrances,  access  to  sleeping  quarters  and  entrance  to 
dining  room.  There  should  be  provided,  in  addition  to  main 
recreation  or  assembly  room,  one  reception  parlor  for  every 
i  These  may  be  arranged  so  as  to  form  one  large 
reception  room  when  so  desired. 

Minimum  provision  for  plumbing  should  be: — one  water  closet 
per  ten  women;  one  shower  per  ten  women;  one  lavator 
six  women;  one  bath  tub  per  twenty-five  women.  Recjuin'- 
iian  these  should  be  the  same  as  suggested  for  men's 
units.  Toilet  accommodations,  with  quarters,  for  the  matron 
and  resident  help  should  l>e  provided. 

Laundry  facilities,  sufhVient  to  .-liable  the  lodgers  to  do  washing 
of  clothes,  should  be  provided  in  the  basement. 

The  kitchen  should  have  outside  access,  and  be  separated  from 
the  dining  room  by  a  service  pair 

STORES  AND  APARTMENTS 

The  reason  for  including  stores  as  a  part  of  the  necessities  is 
because  of  the  partial  or  complete  isolation  of  the  usual  indu 
development  from  such  necessary  service  units.    The  elem< 
isolation  may  require,  in  connection  with  the  store,  provision  for 
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living  quarters  to  accommodate  the  store  owner  or  whomso- 
ever shall  have  charge  of  the  business.  In  ><>me  instances  it  will 
be  found  economical  to  arrange  a  store  room  as  a  part  of  a  regu- 
lar private  dwelling  house.  The  size  of  store  room  thus  obtained, 
however,  is  impractical  except  for  use  as  a  very  modest  confec- 
tionery, shoemaker's  shop,  or  some  such  less  important  but 
nevertheless  serviceable  unit . 

An  economy  can  be  effected  by  creating  a  multiple  unit,  com- 
posed of  several  stores  and  apartments  above  the  same.  This 
also  allows  greater  variation  as  to  size  of  store  rooms,  for  when 


Fio.  63. — A  group  store  building,  Yorkship  Village. 

properly  designed,  the  space  can  be  subject  to  many  subdivi- 
sions, permitting  small  or  large  store  units  as  desired.  Again, 
the  location  of  apartments  for  rent  in  the  second  and  third  stories 
over  stores  may  present  an  economical  solution  for  certain  prob- 
lems. The  arrangement  on  Ceilings  Road,  Yorkship  Village  at 
Camden,  N.  J.,  is  an  illustration.  (See  Fig.  53.) 

In  the  larger  units,  the  inability  to  forecast  when  the  apart- 
ments will  be  occupied  by  those  operating  the  stores  requires  that 
they  be  designed  to  permit  renting,  either  separately  or  together. 
In  either  case  there  should  be  provided  a  private  entrance  door 
and  stairs  leading  to  the  apartments  located  on  the  second  floor. 


BUILDINGS  OTHKR  THAN  HOUSES  :•;  1 :-; 

A  rear  door  and  service  stair  should  be  provided  for  each  apart- 
ment and  a  rear  door  for  each  store. 

A  stairway,  whi<  h  in  most  cases  can  be  arranged  under  the 
stairs  leading  to  apartments,  should  be  provided  to  allow  <  ir- 
eul.-if  iuii  from  store  room  to  a  portion  of  the  basement  divided 
off  for  use  as  a  stock  or  storage  room  for  the  store.  In  addr 
an  exterior  hatchway  stair  should  be  provided  for  bringing  in 
supplies,  and  as  a  means  for  reaching  the  basement  for  the  apart- 
ment tenant,  when  the  apartment  is  rented  separately.  In  this 
case  a  portion  of  the  basement  should  be  divided  off  for  use  as  a 
laundry. 

The  method  of  heating  the  building  will  depend  upon  how  the 
building  is  to  be  operated.  If  a  janitor  is  to  U  employed  by 
owner,  a  central  heating  plant  should  be  provid.-d  in  a  portion  of 
t  he  basement  separated  from  the  portions  allotted  to  the  various 
tenants,  and  the  rentals  fixed  at  a  figure  to  cover  heating.  If  a 
janitor  is  not  to  be  employed,  individual  heating  units  must  be 
provided  for  each  portion  of  the  building  subject  to  a  separate 

ral.  The  latter  method  frequently  results  in  serious  conli 
and  the  first  cost  is  large.  Therefore,  it  is  suggested  that  gen- 
erally, inasmuch  as  stores  and  apartments  are  usually  rented 
together,  a  single  unit  heating  system  be  provided  for  each  pair; 
and,  in  the  event  that  the  storekeeper  desires  to  sublet  the 
apartment,  he  be  obliged  to  furnish  the  heat  therewith. 

Requirements  of  Store  Rooms. — While  no  exact  information 
can  be  given,  the  average  sise  for  a  retail  grocery  store,  drug 
store  or  butcher  shop,  ea»erin«  to  an  ordinary  sized  suburban 
trade,  is  approximately  1,000  to  1,200  sq.  ft.  in  area. 

ores,  whether  furnished  by  the  owner  or  lessee,  should  be 
provided  as  an  item  separate  and  apart  from  the  general  contract 
for  the  building.  Some  plan,  however,  for  a  general  arrange- 
ir  of  such  furniture,  so  as  to  allow  freedom  of  eirmlation, 
should  be  kept  in  mind,  in  order  to  design  the  store  space  intel- 
ligent ly  \\  it  h  :i  view  to  future  service. 

The  finished  floor  should  be  a  good  grade  of  rift  sawed,  yellow 
pine,  tongue  and  grooved  flooring,  with  an  oil  finish,  laid  on  a 
counter  base  of  8-indi  flooring. 

A  sink  with  hot  and  cold  running  water  should  befurnished 
in  the  store  room,  and  a  toilet  provided  in  the  cellar. 

Show  windows  of  a  sue  and  character  to  satisfactorily  display 
goods  should  be  designed.  These  will  be  further  considered  in 
a  later  discussion  on  exterior  appearance  of  the  building. 
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Poets  should  be  eliminated  as  far  as  possible.    This 
mean  arranging  store  units  in  suitable  widths  in  order  t<>  allow 
clear  spans  without  use  of  excessively  large  beams  and  uinln-s. 

Transoms  over  doors  and  windows  in  exterior  walls  should  IKJ 
provided  to  insure  ventilation  and  liuht.  Care  should  be  exer- 
cised to  prevent  the  windows  interfering  with  shelving  and  to 
insure  the  best  use  of  wall  space  for  stacking  goods. 

Electric  lighting  should  be  provided,  with  lights  controlled  by 
switch  at  a  panel  board.  Lights  for  show  windows  should  he 
c<  mi  n  died  eit  her  by  local  snap  switches  or  by  separate  controls  on 
th<-  main  panel  board.  A  gas  pilot  light  should  be  arranged  for 
use  in  emergency  cases  and  for  burning  at  night. 

Requirements  of  Apartments. — General  minimum  requirements 
listed  for  similar  types  under  general  housing  apply  with  equal 
force  to  apartments. 

Buildings,  in  which  the  apartments  partake  of  the  nature  of 
duplex  apartments,  should  not  be  over  two  stories  in  height 
unless  permitted  otherwise  by  ordinance.  They  need  not  be 
fireproof,  except  where  the  store  room  is  used  as  a  garage,  in 
which  case  that  particular  portion  of  the  building  must  be  ent  in  1  y 
fireproof. 

In  store  buildings  of  three  stories  the  apartments  should  be 
subject  to  fire  protection,  insofar  as  enclosing  stairs  and  stair 
halls  with  masonry  walls  and  providing  fire  escapes  suitably 
located  so  as  to  serve  each  apartment. 

Exterior  Appearance. — The  feature  of  exterior  appearance 
which  will  need  careful  handling  to  avoid  a  feeling  of  commercial- 
ism and  lack  of  refinement,  is  the  show  window.  To  make  store 
buildings  harmonize  in  design  with  the  rest  of  the  development, 
best  results  can  be  obtained  by  arranging  the  show  windows  in 
the  form  of  square  or  octagonal  bays.  This  treatment  lends  an 
impression  of  domesticity  and  offers  several  points  of  practical 
advantage. 

First,  in  order  to  further  the  interest  of  general  harmony  hi  the  placing 
of  the  building  with  relation  to  neighboring  dwellings,  thi-  i^nnits  the 
projecting  of  bays  which  would  not  be  possible  in  city  stores  built  close 
to  the  sidewalk  line. 

Second,  in  many  stores  a  screen,  dwarf  partition  may  be  placed  across 
the  bay  opening,  on  a  line  with  the  main  building  wall.  This  serves  as 
a  vertical  plane  to  back  up  the  display  and  at  the  same  time  makes  the 
problem  of  heating  easier,  as  it  partly  takes  care  of  the  large  glass 
exposure. 
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In  storm  which  require  heavy  deliveries  of  goods,  facilities  for 
handling  the  merchandise  should  be  so  arranged  that  ease  of 
access  for  oVlm-ry  trucks  will  be  obtained  and  also  that  such 
features  will  be  seen  as  little  as  possible. 

SPECIAL  SERVICE  BUILDINGS 

In  addition  to  stores  it  u  he  found  necessary  to  include 

in  the  development  other  service  buildings,  in  order  to  supply  the 
needs  of  the  community,  such  as  laundry,  refrigerating  plant 
and  bakery.  The  service  rendered  by  these  units  does  not  make 
it  necessary  to  intrude  them  as  integral  parts  of  the  housing 
scheme.  In  fact  they  should  be  segregated  as  much  as  possible, 
as  they  are  not  likely  to  prove  u  to  the  residential 

districts. 

Combined  Building.— If  the  operation  of  these  units  is  to  be 
conducted  by  the  industry  sponsoring  the  development,  or  even 
by  private  enterprise,  in  such  a  manner  th:it  they  could  all  be 
provided  for  in  one  building,  considerable  economy  would  result. 
Tliis  would  not  only  be  true  in  building  cost,  but  also  in  operat  i 
as  less  help  would  be  employed  and  '  «-ry  feature  would  be 

simplified. 

To  illustrate  further  the  economy  which  could  be  realized  by 
KOI  1^1  nkr  all  these  service  features  in  one  buildinK,at\ix  of  building 
for  t  h««  purjwse  is  herewith  suggested.  The  building  would  con- 
sist of  a  two  story  structure  and  basement,  the  first  floor  to  be 
of  sufficient  height  above  grade  to  allow  ample  opportunity  for 
roughly  ventilating  the  basement  in  which  would 
be  located  the  laundry.  A  portion  of  the  first  floor  would  be 
used  as  garage  space,  being  so  designed  as  to  come  approximately 
at  grade  1<  \<  1  Tin-  n  mainder  of  the  first  floor  would  be  used  as 
a  refrigerating  plant,  general  office  and  a  room  for  use  as  a  shop 
and  supply  room,  in  connection  with  the  garage.  The  second 
floor  would  be  used  as  the  bakery.  An  elevator,  of  sufficient 
capacity  to  serve  for  U.th  laundry  and  bakery,  should  be  in- 
cluded in  the  design,  so  located  as  not  only  to  serve  both  these 
units  but  also  to  open  directly  on  the  shipping  platform. 

By  this  arrangement,  economy  from  multiple  units  would 
obtain  and,  in  addition,  one  garage  space  with  shop  and  supply 
room,  as  well  as  one  heating  system  and  power  plant ,  only,  would 
be  necessary;  whereas  those  features  would  have  to  exist  in  each 
building  if  arranged  in  separate  units.  Naturally  the  features 
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enumerated  when  occurring  in  the  multiple  unit  would  !><•  larger 
than  in  each  of  the  separate  units,  but  they  would  be  far  less 
expensive  so  combined  than  as  three  separate  units. 

The  building  as  outlined  above  should  be  of  fireproof  construe- 
t  ion,  with  a  floor  load  of  three  hundred  pounds  for  the  first  floor 
and  one  hundred  and  fifty  jxmnds  for  t  ho  second  floor.  The  roof 
might  be  of  regular  wood  construction,  either  pitched  or  flat  as 
desired,  providing  in  either  case  sufficient  roof  air  space  is 
obtained. 

In  the  event  of  the  units  being  built  either  as  separate  buildings 
or  as  a  multiple  unit,  the  requirements  as  to  capacity  and  equip- 
ment would  be  the  same.  In  order  to  give  an  idea  as  to  what 
would  be  necessary  in  this  respect,  the  following  information 
is  given. 

Laundry  Capacity. — The  size  of  laundry  required  will  depend 
not  so  much  upon  the  number  of  houses  as  upon  the  class  of  the 
people  to  be  served  and  the  number  of  persons  housed  in  boarding 
houses.  In  addition  to  these  requirements,  work  to  be  done  for 
the  offices  and  workrooms  of  the  factory,  when  such  are  located 
close  at  hand,  must  be  fully  estimated. 

We  will  assume  an  hypothetical  case  of  a  laundry,  capable  of 
turning  out  a  certain  amount  of  work  per  day,  and  on  this  basis 
give  a  list  of  the  equipment  required  and  the  size  of  the  build- 
ing which  will  be  necessary  to  accommodate  such  equipment. 
For  the  purpose  of  this  illustration,  take  a  laundry  of  such 
capacity  as  to  be  able  to  turn  out  approximately  1600  Ib.  of  laund- 
ered goods  per  day  of  eight  hours.  The  average  weights  of 
various  articles  is  presented  in  order  to  give  an  idea  as  to  what 
the  proposed  capacity  would  mean  when  translated  into  num- 
ber of  things  to  be  laundered: 

Man's  shirt,  one  pound;  underwear  (summer),  J4  N>.; 
(winter)  1^  Ib.  Woman's  shirt  waist,  Y±  Ib.;  muslin  petti- 
coat, ii  Ib.  Double  bed  sheet,  2  Ib.  Bath  towel,  H  Ib.; 
face  towel,  J£  Ib.;  small  hand  towel,  %  Ib.  Bed  spread,  4  Ib. 
Handkerchiefs,  J£  Ib.  per  dozen.  Collars,  %  Ib.  per  dozen. 
Table  Cloth,  2  Ib.  Napkin,  \i  Ib. 

In  a  family  of -two  parents  and  two  children,  the  average  wash- 
ing is  about  30  Ib.  per  week,  and  since  the  proposed  laundry  could 
handle  9,600  Ib.  in  six  working  days,  320  families  could  be  served. 

Such  a  laundry,  to  be  properly  balanced  in  its  mechanical 
equipment,  should  include  the  following  machines:— 
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Two  Wuhan,  36  in.  by  M  in.— 2.0  H.P.  Two  Electric  Iron*  and 

One  Extractor,  30  in.— 5.0  II  1*  Sped*!  BoartU 

One  FUt  Work  Ironer  100  in.— 0.3  1111  One  Soap  Tank 

One  Dry  Tumbler  30  in.  by  42  in.-l^  H.P.  Two  MeUl  Truck  Tub.. 


A  minimum  area  of  about  560  aq.  ft.,  is  necessary  to  houae  thia 

i'<|iiipinriif  .      \\li.-n    *Mi:illrr    plants   an-   •|.-m-«l.    tin-    t«  •-'    pottq 

irrange  the  machines  in  any  combination  desired  and  oper- 
ate them  aa  a  group  or  unit  by  one  motor.  Sin-h  group  unit** 
are  made  up  and  carried  in  stock  by  leading  manufacturers  of 
laun.lrv  r<|uipiiirfit.  All  the  machines  should  be  motor  driven. 
II  mli  pressure  steam  should  be  run  to  the  washers,  flat  work 
inner  and  dry  lumM.-r;  l»ut.  if  necessary,  heating  by  gasorelee- 
v  may  be  substituted.  In  a<l<lir  .  laundry  proper, 

a  room  in  connection  with  the  same  should  be  planned  to  be  uaed 
as  a  sorting  and  marking  room. 

Bakery  Arrangement.—  The  size  of  the  bakery,  like  the  laundry, 
depends  upon  local  conditions  of  demand,  and  these  offer  such 
a  wide  variat  ion  t  hat  ,  here  again,  the  discussion  must  center  around 
an  hypothetical  illustration.  However,  before  going  into  a 
special  case,  a  list  of  articles  of  equipment  for  any  bakery  will 


The  list  should  include  the  following: 

An    oven,    preferably  a  portable  type  made  of  sheet  steel,  as 
thi*  is  less  cumbersome,  more  easily  installed  and  requires  no  special 
provisions  in  the  way  of  foundation  or  general  building  const  r 
than  an  ordinary  kitchen  range. 

In  connection  with  the  oven  there  should  be  a  proof  oven  for  rais- 
ing the  dough  preliminary  to  the  baking. 

A  combination  piece  of  equipment,  in  which  will  be  found  a  flour 
levator,  flour  sifter,  dough  mixer  and  cake  mixer,  operated  as  a 
unit  by  electric  cum  nt    will  be  both  economical  and  efficient. 

A  small  stove  should  be  furnished  for  cooking  boiled  custards,  icings 
and  for  the  mixing  of  various  ingredients  requiring  heating. 

There  should  also  be  suitable  cases  for  keeping  utensils  and  gen- 
eral supplies. 

A  refrigator,  in  close  connection  with  the  bakery,  will  be  necessary. 

A  sink  with  hot  and  cold  running  water  and  a  number  of  work 
tables  used  in  the  preparation  of  the  bakery  products  should  be 
located  conveniently  to  both  mixing  machine  and  oven.  One  of  such 
table  should  be  fitted  with  pan  rack. 

The  installation  of  an  ice  cream  freeser,  ice  crusher  and  also  an  ice 
cream  cabinet,  connected  to  the  refrigeration  plant  in  the  ease  of  the 
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combined  service  building  is  suggested  as  a  desirable  feature,  although 
one  which  is  not  absolutely  necessary. 

Assuming  the  case  of  a  bakery,  equipped  with  a  three  deck 
oven,  with  an  area  of  74  in.  X  92  in.,  and  the  otherapparatus 
of  such  a  sire  as  to  make  a  well  balanced  unit,  the  «  ip.u  n\  may 
be  figured  as  follows:  Considering  the  making  of  bread  alone, 
it  \\  ill  be  found  that  the  oven  above  specified  can  bake  310  loaves 
at  one  time  and,  allowing  one  hour  for  a  baking  and  8  hours  for  a 
day's  run,  the  output  for  a  day  would  be  2,480  loaves.  This 
computation  is  merely  to  give  an  idea  as  to  the  capacity  of  the 
oven  and  not  as  a  program  for  its  operation,  as  a  part  of  t  he  t  ime 
the  oven  would  be  in  use  for  baking  pies,  cakes  or  other  products. 

In  order  to  house  this  equipment  in  a  suitable  manner,  a  room 
with  a  minimum  area  of  600  sq.  ft.  would  be  required.     In  ad- 
dition to  the  bakery  proper,  a  general  store  room  would  1 
quired  for  keeping  a  good  stock  of  supplies,  and  a  storage  space 
for  stacking  the  bakery  products  preparatory  to  delivery. 

Refrigerating  Plant. — The  suggestions  offered  concerning  the; 
ice  plant  will  be  based  upon  an  equipment  with  a  capacity  of 
6,000  Ib.  a  day  in  standard  blocks,  weighing  300  Ib.  each.  The 
apparatus  for  manufacturing  ice  herein  described  is  assumed  to 
be  of  the  usual  type,  operating  on  the  principle  of  the  evaporation 
of  a  more  or  less  volatile  liquid,  this  being  maintained  by  a  vapor 
compression  machine.  The  principal  parts  are  a  refrigerator  or 
evaporator,  a  compression  pump,  and  a  condenser.  The  con- 
denser, compression  machine,  motor,  centrifugal  pump,  dehydra- 
tors,  air  receivers,  air  pump  and  filters  arc  located  adjacent  to  the 
ice  making  tank  or  refrigerator.  In  the  case  where  such  tank 
occurs  on  the  first  floor,  the  refrigerating  machinery  may  be  lo- 
cated directly  under  it  in  the  basement. 

The  size  of  receptacle  required  for  the  ice  making  tank,  figured 
to  the  outside  of  the  insulation,  should  be  about  10  ft.  10  in.,  by 
11  ft.  2  in.,  by  4  ft.  8  in.  in  depth.  This  sized  tank  holds  twenty 
cans,  each  yielding  a  300-lb.  cake  of  ice.  A  freezing  requires 
about  eighteen  hours,  the  daily  capacity  can  K  figured  at  6000 
pounds.  In  event  the  tank  is  constructed  with  space  under  it ,  t  he 
floor  should  be  waterproofed  with  great  care.  A  water  tank  should 
be  located  in  close  connection  with  the  ice  making  tank,  and  on 
the  same  level  as  the  refrigerator.  The  water,  which  has  been 
part  ially  cooled,  is  run  from  the  tank  into  the  cans,  which  serve 
as  moulds  for  making  the  cakes  of  ice. 
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A  light  type  of  traveling  crane  should  lx*  iiuttalled  for  lifting 
the  cans  out  of  the  n  ter  tin-  ice  ha*  been  made. 

They  are  then  run  down  to  a  platform  at  the  end  of  the  refrigera- 
tor and  deposited  on  a  specially  designed  iee  chute.  Hoi  water 
Is  poured  on  the  can  and  the  ice,  after  melt  ing  slightly,  is  released 
and  slide*  down  the  <  I,  ugh  a  d<*  i .  which  automatically 

opens  under  pressure  of  the  ic. 

i.     The  plat  for  m  for  handling  the  iee 

intuit  be  well  waterproofed  and  provided  with  a  drain,  as  nun -h 
dripping  of  water  occurs. 

ice  storage  room  should  he  insulated  with  cork  throughout 
floors,  walk  and  esflmg,  The  door  that  admits  the  ice  f  nun  the  ioe 
handling  room  should  be  of  special  design  just  large  enough  to 
aBowthe iee  to  pat*  through.  fi  :»aee 

to  shipping  platform  should  be  also  of  special  design  and  .should 
follow  the  ohara  loom  used  in  large  n-f: 

handling  room  should  be  about  8  ft.  6  in.  by  11  ft.  0  in.,  and 
the  ice  storage  room  l:r  n:h  to  permit  the  keeping  of  a 

surplus  stock  of  a-  least  12,000  pounds. 

Hospital. — M.-.li'-:il  service  is  one  of  the  needs  which  cannot 
be  left  to  work  itself  out.     Since  in  many  cases  the  inducem. 
offered  for  such  service,  in  compensation  and  living  mm  lit  ions, 
especially  in  the  sn  pmcnts,  are  not  sufficiently  at- 

tractive, community  art  inn  will  )>e  necessary  to  insure  the  benefits 
of  competent  medical  attention.  This,  in  its  simplest  form. 
should  result  in  tin-  establishment  of  a  dispensary  in  charge  of 
a  resident  p  ,  and  in  the  employ im-nt  ,,f  a  visiting  nurse. 

This  first  modest  measure  for  safeguarding  the  general  health 
may  be  all  that   the  situation  demands.     Many  d« 
will  not  require  the  estaMi-hment  of  a  general  hospital,  for  the 
reason  that  they  are  either  close  to  a  larger  community  in  which 
hospitals  exist,  or  because  they  are  close  to  an  industrial  plant  in 
which  an  emergency  hospital  is  maintained.     There   will  be 
found,  however,  many  isolated  industrial  developments  where  the 
l  isi<  >n  <  >f  21  hospital  will  be  an  absolute  necessity.    Even  \vh 
the  present,  they  have  been  considered  as  not  altogether 
essential,  it  is  probable  that  the  growing  demand  for  general 
dispensary  service  will  eventually  result  in  the  establishment 
such  a  unit . 

re  are  many  advantages  to  be  obtained  by  incorporating 
i  units  as  a  part  of  the  general  plan.     Not  only  can  U-ucr 
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nent  be  given  the  sick,  l>ut  al>o  there  is  available  the  im- 
measurable' service  of  good  nursing,  which  is  quite  impossible  in 
many  crowded  private  dwellings.  The  hospital  serves  further 
as  a  barrier  against  the  spread  of  contagious  diseases  and  as  an 
almost  indispensable  help  in  time  of  such  need. 

In  order  that  it  may  not  be  an  undue  economic  burden  to  the 
community  or  to  the  company  operating  the  development  the 
hospital  should  be  designed  so  that  a  portion,  only,  need  be 
built  at  first,  and  enlarged  to  keep  pace  with  the  general  growth 
of  the  community.  Moreover,  the  design  should  be  studied  so 
that  the  building  at  any  stage  of  its  development  should  look 
finished,  and  at  the  same  time  have  the  building  appear,  \\hen 
complete,  as  though  it  had  been  built  all  at  one  time.  As  such 
design  occupies  a  special  field  of  its  own,  this  is  not  the  place  to 
express  details.  It  may  be  suggested,  however,  that  this  may 
be  done  by  employing  a  plan  in  which  a  central  portion  acts  as  a 
key  for  the  complete  building.  The  future  additions  will  he- 
come  radiating  wings  connected  to  the  central  structure,  thus 
making  it  possible  to  segregate  any  portion  as  occasion  demands. 

BUILDINGS  FOR  SOCIAL  NEEDS 

Churches. — The  diverse  character  of  structures  required  by 
different  denominations  and  creeds  makes  suggestions  on  the 
subject  of  churches  difficult.  While  the  desire  for  such  buildings 
I»y  the  people  will  no  doubt  necessitate  their  ultimate  provision, 
greater  satisfaction  will  be  obtained  by  permitting  the  people 
themselves  to  determine  the  character  of  these  buildings. 
Whatever  the  expressed  tendency  of  the  people  may  be  as  to  the 
kind  of  church  preferred,  the  design  should  be  as  informal  as  is 
possible  to  maintain  a  churchly  feeling  and  expression. 

In  the  large  developments  it  will  often  be  necessary  to  provide 
two  or  more  such  edifices  to  meet  the  demands  of  varying  forms 
of  worship.  The  seating  capacity  and  facilities  will  depend  la  JLK]\ 
upon  the  denomination,  population  and  the  desires  of  the  people. 

School  Houses. — The  necessity  for  school  buildings  in  an  indus- 
trial development  may  be  due  either  to  complete  isolation  from 
already  established  institutions,  or  to  lack  of  accommodations  in 
existing  public  school  buildings,  which  makes  it  impossible  to 
take  care  of  the  sudden  influx  of  population. 

While  a  great  amount  of  study  and  care  has  been  given  to  the 
large  city  schools,  the  problem  of  the  small  school  has  been  neg- 
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looted.  The  result  him  been  that  cither  InuMing*  of  the  most 
primitive  character  have  been  provided,  or  when  the  demand  for 
something  moro  than  the  "littlu  country  school"  prevailed, 
pretentious  i>  In  have  been  resorted  to. 

These,  like  most    imitations,  have   generally  failed  of  being 
localise  in  the  endeavor  to  gain  a  semblance  not 
justified,  <    m.  |  H  .riant  oonsiderations  of  economy  and 

lateness  havo  been  for  the  most  part  ignoi 
.in  and  rural  developim-nt*  return-  .-.-h.M.I   buildings  of 
different  character.     In  the  former,  hiuh  land  values  demaix  1 
less  p  IH-  used  f(jr  thix  puqMjse  than  may  bo  allowed  in  the 

rural  .1-  •..!..;  The  result   \\ill  IN-  •  architectural 

charn  'he  building  thus  obtained  will  harmonise  better 

\\ith  the  general  turn*  11  Mowing  the  same  line  of  reason- 

in^,  runs  more  to  tin-  larger  multiple  unit  in  tin-  urban  tlian  in 
the  rural  community.  This  should  not  1>«  interpreted  to  mean 
the  building  of  a  small  imitat  !or  the  particular 

use  of  an  urban  development,  but  should  rather  result  in  the 
but  Ming  of  a  real  city  school  by  cooperating  with  the  officers  of 
the  community  at  large,  and  ma kiim  it  an  extension  of  the  regular 
public  school  adini  This  action  narrows  the  problems 

of  the  school  house  to  such  an  extent  that  its  consideration  here 
would  only  be  necessary  for  t  he  nr  lets. 

these  districts,   the   "Pavilion   Tyj>e  School"  offers  so 
many  advantages,  that  it  would  appear  to  be  the  1  pe  to 

use.     This  school  building  is  a  one  story  structure,  built  in  units, 
the  general  plan  of  which  may  be  subject  to  any  treat 
desired.    It  is  particularly  adaptable  to  rural  districts,  in  that 

<>ns  only  as  they  are  needed;  and  as 

each  addition  is  in  the  form  of  a  complete  architectural  unit,  the 
project  at  all  times  gives  the  appearance  of  a  completed  plan, 
igant  use  of  property  is  justifiable  in  view  of  the 
low  prop 

Some  of  the  more  important  advantages  obtained  by  the  use 
bit    NIK  are  as  follows: 

1.  Arrhitrctural  harmony  \\itli  tin-  general  housing  is  possible,  be- 
cause the  design  of  the  small  unit*  can  be  maintained  in  style  with  the 
smaller  detached  house  unit,  which  is  the  logical  house  type  for  thia 
kind  of  a  development. 

2.  The  unite,  being  one  story  structures  of  moderate  «ie  and 
detached,  are  readily  provided  with  ample  light  and  ventilation. 


352  INDUSTRIAL  HfifSING 

I'he  fire  hazard  is  reduced  to  a  minimum  and  no  expensive  j,n,-.  i- 
sions  for  fire  protection  are  necessary;  moreover,  the  most  economical 
methods  of  construction  may  be  employed. 

4.  The  covered  passageways  between  classroom  units  may  serve  as 
outdoor  classrooms  under  favorable  weather  conditions. 

5.  The  initial  structure  need  not  make  provision  for  facilities  which 
will  be  necessary  with  future  growth,  but  which  are  not  needed  at  the 
inception  of  the  town. 

Theatres. — The    moving  picture  theatre   preseir  4  the 

most  common  forms  of  < -nt< -rtainnicnt  for  an  industrial  com- 
munity development.  It  is  an  economic  factor.  First,  tin 
building  itself,  differs  from  the  regular  theatre  in  that  it  needs 
no  complicated  stage  with  equipment,  and  is  inexpensive  in  con- 
struction. Second,  the  low  admission  price  puts  it  within  tin- 
reach  of  the  lowest  paid  worker.  Third,  the  length  of  time  con- 
sumed in  presenting  one  complete  performance  makes  possible 
two  or  more  performances  a  night  and  allows  a  small  seating 
capacity  to  meet  the  demand  of  a  large  number  of  people. 

The  capacity  of  the  theatre  will  depend  upon  the  size  of  the 
community.  To  arrive  at  an  approximate  seating  capacity 
required,  it  is  suggested  that  seats  be  provided  to  accommodate 
every  evening  one  person  from  each  family  and  one  person 
out  of  every  four  single  workers. 

Considering  exterior  appearance,  again  it  is  suggested  that 
the  intent  of  the  general  development  in  the  observance  of  archi- 
te.-'  ural  style  be  followed. 

Whether  building  codes  or  ordinances  govern  its  construction 
or  not,  the  theatre  should  include  the  provisions  that  are  gen- 
erally accepted  as  proper  safeguards  in  case  of  fire  or  panic. 
Most  important  among  such  recommendations  will  be  the  pro- 
vision of  fire  exits  marked  with  suitable  guiding  signs  and  lights, 
and  fitted  with  doors  to  swing  out,  giving  access  to  outside  fire 
escapes  or  areas  open  to  the  street.  These  exits  should  exist  on 
two  sides  of  the  building,  in  addition  to  the  main  front  entrance. 

Community  House. — There  are  a  number  of  general  community 
activities  which  may  be  provided  for  separately  or  together  under 
one  general  management.  Such  general  community  features  as 
recreation  fields,  play  grounds,  assembly  halls,  day  nurseries, 
club  houses  and  gymnasia,  must  finally  be  provided  in  a  well 
balanced,  healthy  community.  Whether  they  shall  be  a  part  of 
the  general  predetermined  scheme  or  whether  thay  shall  result 
as  a  spontaneous  expression  on  the  part  of  the  people  is  a  matter 
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to  be  determined  by  the  promoters  of  the  development  . 
If  the  latter  jxih.  -y  i*  observed,  nothing  need  be  suggested  here, 
except  to  provide  a  place  and  an  appropriate  setting  in  the 
general  plan,  aa  the  desires  of  the  particular  people  concerned 
will  UHXUUC  manifest  as  the  idea  develops. 

However,  some  modest  provision  for  service  of  this  kind  should 
be  made,  as  a  stimulus  to  community  hi.-.  With  thiwi-nd  in  view, 
\\lu.-li  sh;iii  IH?  so  limited  as  to  leave  opp<  for  freedom 

tin-  |>«.(>1,  in  the  pursuit  of  their  social  activities,  a  general  com- 
munity house  is  suggested. 

The  house  should  provide  suitable  space  for  th<-  following 

uf  xT\  l«  r  : 


1.  A  day  nursery. 

2.  A  gymnasium  (separate  wash  rooms  and  showers  for  sexes). 

3.  A  kindergarten 

>  1  •  ••.:•    :     ve  classroom*. 

If  rirm  distances  require,  these  additional  features  may  be 

5.  A  bathroom  in  connection  with  nursery. 

6.  Two  club  rooms. 

V  general  assembly  room. 
8.  A  general  dining  room. 
0.  A  kitchen. 

.itrhrn  in  comnM-timi  with  nursery. 
1  1  .  Quarters  for  the  matron  and  help. 

In  addition,  a  playground  should  be  pr< 

A  building  so  constituted  would  \»-n\\\\   working  mothers  to 
leav  M  t  lie  knowledge  that  they  would  be 

well  cared  for.    Such  children  as  were  of  an  ag«  ml  the 

;lar  school  could  not  only  go  to  the  community  house  for 
lum-limn.  Uit  after  school  return  to  lu>  privilege*  of  tin- 

playground,  or  the  gymnasium  in  inrlrmrnt  weather. 

Sewing  classes  for  women  and  girls  and  general  courses  of 
study  for  adults  could  be  offered  at  night,  as  well  as  the  privi- 
lege of  using  the  gymnasium  and  dub  rooms.  The  assembly 
hall  could  serve  for  a  general  meeting  place,  for  holding  of  dances^ 
1  1  lectures  and  many  other  forms  of  entertainment. 
In  a  word,  t  he  community  house  would  bcvpeak  welfare  work,  and 
by  having  the  various  community  activities  under  one  general 
management  and  in  one  building,  reduce  the  operation  and  build- 
ing costs  and  maintenance  to  a  minimum. 


CHAPTER  XII 

ADMINISTRATION  AND  SUPERVISION  OF 
CONSTRUCTION 

VNIZATION    AND    PLANNING — CONTRACT  AND    SPECIFICA- 
TIONS— SUPERVISION  OF  CONSTRUCTION 

ORGANIZATION  AND  PLANNING 

Character  and  Scope. — In  the  development  of  an  industrial 
housing  project  the  effective  organization  and  wise  direction  of 
a  competent  and  experienced  personnel  is  a  prime  requisite  to 
success,  if  the  result  is  to  be  judged  on  the  basis  of  economy, 
attractiveness,  saleability  and  good  living  conditions.  To  a  1;> 
extent  satisfactory  results  will  depend,  first,  upon  the  selection  of 
fully  competent  and  experienced  services,  and  second,  upon  tin- 
laying  down  of  carefully  considered  and  coordinated  organ i/..i- 
tion,  planning  and  construction  policies.  The  expert  servi 
of  the  engineer,  the  town  planner,  the  architect,  the  realtor  and 
the  constructor: — all  arc  required.  And  the  several  problems 
falling  within  the  province  of  each  are  to  be  solved,  so  that  tin- 
solutions  may  be  not  only  technically  correct,  but  also  economi- 
cally sound,  and  so  that  the  way  each  thing  is  done  may  bear 
the  proper  relation  to  the  scheme  as  a  whole. 

Group  Management. — The  building  of  a  housing  project  can 
nr  it  her  l>e  considered  as  wholly  an  art-hit  ectural  nor  an  engineering 
problem,  but  rather  as  a  merging  of  opinions  and  talents  of  cadi 
profession  into  a  consistent  conception.  As  there  are  a  mnl t  i  n  Me 
of  elements  which  enter  into  the  final  plan,  the  factors  of  control 
and  coordination  become  most  important,  and  it  is  therefore  neces- 
sary to  work  out  a  practical  form  of  organization  and  to  formulate 
t  he  policies  of  procedure  in  accordance  with  which  the  work  shall 
proceed. 

Executive  Control. — A  close  contact  between  the  owner  and 
the  organization  provided  to  manage  and  supervise  the 
development  is  essential.  This  can  best  be  accomplished  by  the 
designation  of  an  official  by  the  owner,  upon  whom  the  necessary 
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authority  is  conferred  to  fix  policies,  to  make  decisions,  to execute 

*  ml  funds  and  to  exercise  similar  important 

ions.    The  direction  of  the  work  and  the  immediate  control 

of  tin  liMiwinKorKanixation  Hhould  becentraliied  in  an  executive, 

who  possesses  the  necessary  qualifications  of  leadership  and  who 

hftM  hud  the  nooosssry  experience  in  directing  tin*  planning  and 

ion  of  large  projects.    Special  training  in  .«  the 

design  and  in  technical  details  will  be  most  helpful  igthe 

man  also  has  business  experience  and  executive  alulr 

Organisation  Chart. — The  details  of  the  organisation  for  plan- 
ning and  supervising  the  operation,  as  indicated  in  the  ffnggffffH 

ipon  the  extent  and  character 

of  flu-  work  to  be  handled.  Modifications  in  the  initial  form  of 
organisation  will  necessarily  be  made  from  time  to  time  as  the 
work  proceeds.  The  services  for  some  will  be  merely  of  an  ad- 
visory nature;  for  others,  they  will  U»  required  during  part  or  all 
work.  The  administrative  department,  with  a  force  of 
employees  and  assistants,  varied  to  suit  the  requirements, will  be 
needed  throughout  the  UtV  of  the  organization;  while  the  greater 
part  of  those  engaged  upon  the  surveys,  designs  and  plans  can  be 
dispensed  with  upon  their  completion,  except  for  those  neces- 
sarily retained  to  direct  construction. 
The  construction  department  may  not  be  organised  un  • 

work  is  about  to  begin.     When  the  scope  of  the 

work  is  relatively  small,  the  size  of  the  organization   may  be 

•dingly  reduced  and  simplified,  by  consolidation  of  duties 

ami  functions,     birge  projects  will  require  a  nn-jiter  subdivision 

than  that  assumed  in   the   typical   organization   chart.    The 

general  ol>je<t  to  be  sought    in   starting   an   organization,    is 

such  a  dr,  i-ion  and  delegation  of  responsibility  and  authority, 

proper  control,  as  will  enable  each  employee  to  handle 

ami  functions,  with  a  clear  understanding  of  the 

measure  and  limits  of  his  author 

Method  of  Procedure.— The  controlling  features,  requirements 
and  jx.licies  should  U»  laid  down  at  the  outset  and  a  program  of 
dure  in   preliminary  form  should  then  be  adopted.     The 
earlier  the  method  of  pro  -  decided  upon,  the  leas  likeli- 

hood there  will  be  of  incurring  delays  and  costly  mistakes.     The 

t  of  working  out  a  well  considered  plan  of  procedure 
assure  the  orderly  and  economic  prosecution  of  the  work  and 
various  stages,  and  to  avoid  loss  of  effort,  duplication  and 
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conflict  in  authority.    Such  a  plan  may  be  considered  as  analog- 
ous to  a  routing  plan  in  a  manufacturing  process; beginning  with 


Street  Arrange- 
ment 

Block  and  Lot 
Subdirision 

Landscape 
Treatment 

Planting 

Parks 

Playgrounds 


Architecture 


House  plans 
Public  Build- 
ings 

Other  Build- 
ings 


Materials 
and 

Plant 


Bills  of 

Material 
Requisitions 
Checking 
Inspection 
Stongc 
Delivery 


Fio.  54.  —  Organisation  chart  indicating  form  of  organization  for  the  planning 
and  supervision  of  an  important  industrial  housing  project. 


the  making  of  the  designs  and  working  drawings,  then 

from  department  to  department  and  from  shop  to  shop;  all  in 

accordance  with  a  carefully  prearranged  scheme,  the   finished 
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•  •  finally  emerges  a  completed  j.  •  •mifunuiitK  in  all 

respects  to  the  requirfim 

Element*  cf  Program,—  The  ordinary  procedure,  after   first 
having  ascertained  the  general  need  of  housing,  it  about  as 

follows: 


(a)  Determin«tionofhoii«ngrDquinMn«nUlftiiU>thcnuml 
type  and  allowable  cost  of  houses;  the  method  of  disposition— as  to 
wheUier  the  houses  will  be  rented  or  *>ld,  or  held  by  a  copartnership 
eompti  a  combination  of  methods;  determination  of  the  approxi- 

mate amount  that  can  be  expended  upon  the  development  of  the  wtc 
niul  in  ;.rovi<lmg0trcet  improvements  and  utilities. 

The  foregoing  constitutes  a  general  survey  of  the  and 

leads  to  definite  conclusions  as  to  the  housing  requirement*,  the 
best  method  of  providing  housing  and  the  approximate,  or  the 
allowable,  cost  thereof. 

(6)  Investigation  of  available  sites,  suitable  for  the  number  and  type 

i  *es  determined  upon  as  a  result  of  the  previous  study ;  this  involves 

consideration  of  the  relative  advantages  and  oosts  of  development  of 

•  live  sites;  requiring  comparisons  between  cost*  of  land,  of  prepa- 

the  sites,  and  of  building  complete  developments. 

(<•)  Acquisition  of  site,  including  examination  of  title,  property  survey, 
preparation  of  map,  and  purchase. 

('0  Topographical  surveys  and  detail  map;  preliminary  >tu<iy  of  the 
town  plan  and  of  lot  subdivision;  studies  of  types  of  houses,  including 
development  of  preliminary  sketches,  floor  plans  and  elevations  and 
schedules  of  estimated  cost,  based  upon  local  data;  development  of 
preliminary  plans  for  lot  grading,  street  improvements  and  utilities, 
to  a  sufficient  extent  to  determine  the  general  character  and  approximate 
cost;  preparation  of  preliminary  budget,  based  upon  the  information 
and  data  developed  in  1 1,.-  foregoing  studies. 

Iteview,  criticism  and  revision  of  the  preliminary  plans  and  esti- 
mates, leading  up  to  the  adoption  and  approval  of  definite  general  plans; 
estimates  of.  the  cost  of  the  several  parts  of  the  work  and  the  prepara- 
tion of  a  definite  budget  of  cost. 

(/)  Prenarati  tailed  coi  m  and  working  drawings,  to- 

gether with  conMrurti'.n  specifications;  filing  and  recording  plans  with 
proper  authorities;  arrangements  with  public  utility  companies, 

(0)  Award  of  hiding  invitation  to  bidders, receiving  and 
comparison  of  bids,  award  and  execution  of  contm 

(A)  Const  run  i..n  program,  records  of  progress,  account  ing,  and  super- 
vision and  inspection  of  work. 

(1)  Preparation  of  record  plans  and  drn\\ 
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Necessity  for    Budget. — The   preparation   of  ;i    l.iidurt,   hnvm- 

U-foiv  referred  to  in  di-  procedure,  i-  necessary;  both  as  a 

guide  and  criterion  to  follow,  in  \\orkinnout  ibe  plans  and  designs 
for  the  development,  and  also  as  a  means  of  financial  cont  ml  of 
construction.  Complete  data  must  be  at  hand  in  order  that 
those  in  executive  charge  shall  have  full  knowledge  as  to  tlie 
ultimate  cost  to  be  incurred,  and  as  to  the  expense  and  advisa- 
bility of  changes,  and  so  that  decisions  may  be  based  at  all  times 
upon  careful  analyses  of  facts. 

The  budget  should  be  based  upon  carefully  prepared  detailed 
estimates  of  the  cost  of  the  various  items  of  work,  and  should  t»< 
conveniently  summarized  by  grouping  into  main  it  mis.    The 
preliminary  budget  will  necessarily  be  based  on  approximate 
information,  and,  therefore,  should  be  an  approximate  distribu- 
tion or  apportionment  of  a  certain  limiting  expenditure  per  lot  or 
per  house.     After  the  site  has  been  selected  and  the  definite 
plans  developed,  the  final  budget  may  be  prepared,  and  wb- 
the  cost  of  any  part  of  the  work  exceeds  the  amount  allotted 
to  it,  the  necessary  modifications  in  the  plans  can  then  be  made. 

Analysis  of  the  budget  from  time  to  time  will  indicate  tin; 
advisability  of  increasing  the  allotments  for  some  and  decreasing 
thoefc  for  other  portions  of  the  work,  so  that  modifications  in  the 
apportionment  of  the  expenditure,  but  not  necessarily  in  the  sum 
total,  may  conveniently  be  made  from  time  to  time.  The  neces- 
sary degree  of  flexibility  must  be  provided  in  the  budget,  to  take 
care  of  variations  in  the  labor  and  materials  market  and  in 
business  conditions.  This  is  provided  for  by  allowing  a  contin- 
gent expense  of  from  10  to  15  per  cent. 

Suggested  Contents. — The  following  is  a  suggested  form  of  bud- 
get for  general  use  in  the  development  of  an  isolated  housing 
project.  Certain  items,  such  as  the  installation  of  water,  gas  or 
electric  service,  if  supplied  by  and  at  the  cost  of  a  public  utility 
company,  would  not  be  included,  except  to  the  extent  that  the 
builders  or  owners  may  pay  in  annual  service  charges: 

1.  Cost  of  Land.— Including  legal  services,  recording,  property  survey 
and  purchase  cost. 

2.  General  Site  Improvements. — Clearing,  general  site  grading,  etc. 
:;.  Houses.— Listed  by  number  and  type. 

4.  Buildings  other  than  Houses. — Including  stores,  community  and 
public  buildings,  schools,  churches,  etc. 

5.  Lot  Improvements.— Including  grading,  seeding,  sodding  and  plant- 
ing; fences,  housewnlks. 
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6.  Street  /mproptm^nto.—Ormdji.g  curbs  and  gutter*;  pavements; 
sidewalk*;  seeding,  mxiding  and  planting  in  planting  strips  and  other 
open  spaces  on  street*;  eaten  basins  and  inlets, 


trk*  and  Playgrounds.—  Boulevards  and  parkways,  including 
n)  tdornmi  '.' 


8.  VFofar  Supply  and  Distribution.—  Supply,  including  pumping  *la- 
tions,  reservoir*,  supply  mains,  filter  plan*  ,D  system. 

8a.  House  Services.—  House  to  curb  and  curb  to  main,  may  be  sepa- 
rated in  jut  ixliction  and  chargcabilr 

9.  Sewerage   and   Sewage   Disposal—  Collection    system;   uutfall*; 
sewage  disposal  plant. 

9o.  House  Cofiftsetotw.—  (Entattng  any  portion  included  in  bouse 

Xlorm  Water  Drainage  5yjtem.—  Collection  system,  main  drains, 

10a.  House  Connection*.  —  (Excluding  any  portion  included  in  bouse 
contr 

11.  Central  Heating  Plant.—  Supply,  distribution  and  bouse  connec- 
tfooi 

U    Refuse  Disposal.  —  Incinerators  or  other  disposal  equipment 

das  Supply  and  Distribution.—  Supply,  distribution  system  and 
house  connections. 

1  I.  Electric  Supply  and  Distribution.—  Supply,  distribution  system 
and  house  connections. 

15.  Street  Lighting.  —  Supply.  <  in-uits,  poles,  lamps,  < 

16.  General  Overhead.  —  Including  professional  services,  engineering, 
urrhitrrtiiral  and  town  planning;  administrative,  financial  manage- 
ment and  general  expenses  during  organization  and  construction;  con- 
tractors' profit  and  all  charges  which  cannot  be  charged  to  any  of  the 
foregoing  items,  and  for  which  a  separate  charge  is  not  set  up. 

Whore  the  work  is  done  directly  by  the  owner,  or  under  some 
(jf  the  forms  of  coat  plus  contracts,  it  may  be  desirable  to  set  up 
separate  charges  for  uis  as  railroad  siding  and  yards, 

tnnjM)niry  storage  yards,  and  general  items  of  construe- 

otherwise,  where  not  so  char^l,  these  costs  are  distributed 
among  the  various  items  of  the  I  MM. 

Construction  Policies.—  An  early  decision  should  be  reached 
as  to  the  policy  to  be  followed  in  carrying  on  const  ruction,  in 
•  liat  t  lu>  plans  and  specifications  may  be  drawn  in  conform- 
ity  therewith.  In  making  this  decision,  a  muM  first  be 

made  between  having  the  owner  do  the  work  directly,  or  l>y  force 
account,  utilizing  his  own  eon  n  organization,  purchasing 

materials,  hiring  labor  and  buying  or  renting  plant;  and  having 
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the  work  done  by  MI  indej>cndent  or^ani/ation  under  MUIIC  form 
net  inn  contract. 

Force  Account. — Cons'nietion  l>v  force  account  may  be  carried 
On  where  the  owner  maintain^  a  permanent  consl  met  ion 
department  with  competent  personnel,  or  where  an  engineering 
organi/ation.  which  has  demon-tr  capacity  for  handling 

work  in  this  manner,  is  employed.  In  such  cases  the  owner 
assumes  all  of  the  risks  and  performs  all  of  the  functions  which 
would  be  divided  between  himself  and  the  contractor  on  a  con- 
tract job.  His  organization  will  therefore  have  to  be  practically 
as  large  as  the  combined  organizations  of  owner  and  contractor, 
and  under  ordinary  circumstances  no  advantage  can  be  obtained 
by  handling  the  work  in  t  his  manner,  sufficient  to  offset  the  super- 
ior organization,  experience  and  plant  of  a  reliable  and  experi- 
enced contractor. 

On  force  account  work,  no  contract  need  be  drawn  and  general 

ications  need  not  be  so  formal,  but  if  satisfactory  work 
be  assured  the  plans  and  technical  specifications  should  be  fully 
as  complete  as  on  contract  work,  in  order  to  guide  and  instruct 
those  in  immediate  charge  of  the  various  portions  of  the  job. 
In  other  respects,  the  discussion  of  construction  problems  below 
will  apply  to  force  account  work,  with  due  allowance  for  tin- 
identity  of  owner  and  contractor. 

Contract. — If  the  work  is  to  be  done  by  contract,  various  forms 
of  contract  are  to  be  considered,  each  having  particular  advan- 
tages and  disadvantages.  The  essential  differences  between 
them  are  in  the  method  of  payment  and  in  the  degree  of  risk  and 
financial  responsibility  assumed  by  the  contractor.  The  princi- 
pal forms  and  their  chief  characteristics  are  as  follows: 

Lump  Sum  Contract. — In  this  form  of  contract  the  contractor  fur- 
nishes all  labor,  tools  and  materials  and  executes  the  work  complete ; 
accepts  all  risks,  and  receives  in  payment  therefor  a  stipulated  lump 
sum  amount,  which  includes  all  of  his  costs  and  profits.  The  contract, 
drawings  and  specifications  must  be  in  unusually  complete  detail,  if 
this  form  of  contract  is  to  be  entered  into,  in  order  that  the  contra*  tor 
may  be  fully  informed  and  estimate  the  cost  of  the  work,  and  to  obviate 
subsequent  controversies. 

Unit  Price  Contracts. — Similar  to  the  foregoing,  except  that  payment 
is  mode  on  the  basis  of  prices  bid  per  unit  of  measurement,  which  may 
be  per  cubic  yard,  per  lineal  foot,  per  pound,  or  other  unit. 

Cost  Plus  a  Fee  Contract. — Under  this  form  the  contractor  executes 
the  work  in  conformity  with  the  plans  and  specifications,  charjr 
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full  cost  of  labor,  tooU  and  material*  to  the  owner,  and  reoaivaa  in  pay 
for  atrvioaa  ami  f.-r  furnishing  aupervukm  and  plant  a  fixed  fee. 
Borne  form*  of  contract  provide  for  a  didinc  eoale  fee  which  increaaea  or 
deereaaea  in  inverae  proportion  to  the  coat  of  the  work,  within  certain 
-tipuhiti-d  limit*. 

Cost  HUM  a  Percentage  Contrast.— Tki*  U  aoroewhat  aimilar  to  the 
preeeding  form,  rxn-pt  '  ictor  reerivea  aa  profit  and  com- 

pensation, a  atipulated  peroentafa  of  the  actual  ooat  of  the  work.  The 
percentage  may  be  find  or  may  decreaae  or  increaae  inveraely  with  the 
ooat  of  the  work. 

The  chief  advantage  <>f  t  !•«•  lump  .-urn  i"«.nn  of  contract  is  that 
the  ooat  of  the  work  included  in  definitely  fixed  by  the  contract 
price  agreed  upon.  With  a  -tai-1.-  market  for  labor  and  materials 
and  for  work  of  relatively  small  amount,  the  fixed  price  form  of 
contract,  or  its  companion  the  unit  price  contract,  has  many  ad- 
vantages; but  under  such  condition*  an  have  existed  during  and 
•obeequenf  to  tii.-  QmJ  \\ar.  then  ha.-  ben  •  general  diain- 
."ii  on  the  part  of  many  contracting  firms  to  enter  into  this 
form  i.f  .  are  many  elements,  such  as  the  cost 

and  supply  of  labor  and  materials,  car  shortage,  and  other  factors, 
which  are  beyond  control  and  which  constitute  an  abnormal 
degree  of  risk  and  possible  financial  loss.  Contractors  are, 
therefore,  unwilling  to  en  this  form  of  contract,  unless 

a  very  large  allowance  is  made  in  the  hid  to  take  care  of  the  risk 
involved. 

Where  1  mt  of  the  contra  tivoly  small,  the  ele- 

ment of  risk  on  account  of  the  foregoing  factors  is  not  so  material, 
and  it  is  therefore  often  jiossihle.  evi-n  though  the  greater  part 
of  the  work  is  executed  under  a  different  form  of  contract,  to  do 
certain  parts,  such  as  grading  or  the  installation  of  sewers  or  other 
utilities,  under  the  unit  i  trart.  And  it  Ls  further  the 

practice  of  contractor*,  in  taking  large  contracts  on  a  cost-plus 
basis,  to  have  certain  parts  of  the  work  done  by  subcontractors 
at  lump  sum  or  unit  j  rices.  In  on  ler  to  provide  for  thin,  contracts 
on  a  cost-plus  basis  may  stipulate  that  certain  parts  of  the  work 
may  be,  upon  approval  of  the  owner,  sublet  by  the  general 
eootnetar. 

Assuming  that  the  contractor  is  fully  competent,  and  ox|»m- 
enced  and  that  ho  has  adequate  plant,  capital  and  organir 
and  is  in  every  respect  dependable  and  reliable,  there  is,  under 
present  day  conditions,  a  general  feeling  that  the  cost-plus  form 
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of  contract,  or  some  of  its  mollifications,  will  give  hotter  ivsults 
and  be  more  equitable  to  both  parties  than  the  lump  sum  or  unit 
.  In  this  form  of  contract,  the  owner  pays  the 
actual  cost  of  the  work,  plus  a  reasonable  profit  to  the  rout  r;t<  t  <  >r 
for  his  services. 

The  cost-plus  form  of  contract  is  more  difficult  to  administer 
and  supervise  than  others,  and  the  success  of  the  undertaking 
will,  to  a  certain  extent',  be  dependent  upon  the  degree  of  confi- 
.g  between  the  parties.  While  the  contract,  in 
genera],  provides  that  any  losses  or  costs,  due  to  the  negligence, 
incompetence  or  carelessness  of  the  contractor,  shall  he  charged 
to  and  be  borne  by  him,  it  is  difficult  to  clearly  establish  re- 
sponsibility when  controversies  arise,  and  it  is  therefore  ext  remely 
important  that  discretion  and  judgment  be  exercised  in  selecting 
the  contractor. 

Selection  of  Contractor. — The  selection  of  the  contractor,  or 
contractors,  deserves  much  more  consideration  than  is  often 
given.  While  a  definite  legal  and  binding  agreement  is  abso- 
lutely necessary  in  fairness  to  both  sides,  yet  the  relation  must  be 
premised  on  mutual  confidence  between  the  contracting  parties. 
Regardless  of  the  provisions  of  the  contract,  either  party  as  a 
matter  of  fact  may  be  subject  to  losses,  direct  or  indirect;  so  that 
the  highest  measure  of  protection  is  found  in  mutual  confidence 
between  those  entering  into  the  obligation.  Proposals  should 
be  entertained  only  from  contractors  who  can  furnish  full,  com- 
plete and  satisfactory  information  and  assurance  as  to  their 
experience  and  abili ty  to  perform  the  work  in  a  satisfactory  ma  nm  r 
within  the  stipulated  time. 

This  will  involve  the  consideration  of  many  factors,  including: 
— the  extent.  exj>erience  and  ability  of  the  contractor's  organ i/a- 
tion;  the  working  capital  and  resources;  the  amount  and  character 
of  plant  and  equipment;  history  and  past  performances  as  to 
satisfactory  work  and  promptness  of  completion;  reputation, 
credit  and  character  of  the  contracting  company.  While  it  is 
in  general  good  business  policy  to  take  advantage  of  the  lowest 
price  offered,  the  question  of  price  must  be  considered  as  only 
one  of  the  items  and  factors  which  enter  into  the  most  advanta- 
geous arrangement,  and  frequently  it  is  one  of  the  lesser  items. 
Adequate  and  satisfactory  service  has  its  market  price,  and  the 
proposal  to  do  a  certain  amount  of  work  for  considerably  less 
than  the  price  which  is  reasonably  estimated  for  it,  unless  based 
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ij.ment  or  method*,  should  be 
veil  with  suspicion. 

CONTRACT  AND  SPECIFICATIONS 

Purpose  of  Contract.  Tin-  pur  [*•-••  of  the  contract  is  to  define 
clearly  the  scope  of  the  work  :1  tided,  and  the  responsihili- 

ties  and  obligation*  of  the  contracting  parties;  to  establish  the 
basis  of  payment,  and  to  d«-iin«-  tin  f  the  services  to  be 

furnished  and  the  work  to  be  done  by  the  contractor.  The 
contract  should  inch  id- •  the  general  provisions,  or  articles  of 
agreeni'  il  or  technical  specification-,  t  he  contract  draw- 

and  plans,  and  the  suppl<  m<  ntary  or  detailed  drawings  re- 
quired as  the  work  proceeds  and  the  terms  of  payment.    The 
'us  and  provisions  of  the  contract  will  necessarily  vary 
with  its  form  and  basis,  and  must  further  be  adjusted  to  suit 
each  particular  locality  and  condr 

General    Provisions.— Particular    consideration    should    be 
given  to  the  formulation  of  the  following  provisions  of  the  con- 
Co)  A  dear  and  complete  statement  as  to  the  extent  and  character  of 
the  work,  which  forms  tlu*  basis  of  the  contra 

(6)  A  concise  statement  as  to  the  basis  of  payment  for  labor,  tools 
and  material,  and,  in  the  cost-plus  form  of  contract,  a  definition  of  the 
elements  included  in  the  contractor's  profit. 

(c)  Stipulation  a-  .f  completion  of  the  work  included  in  the 

coir  )i  provision  in  the  unit  price  or  lump  sum  contract  for  the 

payment  of  liquidated  damages  by  the  contractor,  in  the  event  of  fail- 
•  so  complete  within  the  stipulated  time. 

liond,  of  surety  or  trust  company,  to  be  furnished  by  the  eon- 
tractor,  as  a  quarantee  of  faithful  performance  of  the  contract  and  dis- 
charge of  its  obligations. 

(f )  Definition  of  the  contractor's  responsibilities  and  obligations  with 
particular  regard  to  damage  to  persons  or  property,  and  the  observance 
of  laws  and  ordinances. 

CO  Provision  for  the  doing  of  additional  or  extra  work,  not  specifically 
provided  for  in  the  contract  or  <•(»«  ifications. 

(0)  Alterations  or  modifications  in  the  contract  plans  or  specifications. 
Settlement  of  disputes;  should  provide  a  mutually  equitable 
method  of  settling  any  disputes  or  controversies  which  may  arise  in  the 
course  of  the  execution  of  the  work. 

Provision  for  cancellation  of  part  or  all  of  the  contract. 

(J)  Terms  of  payment  to  the  contractor. 
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Specifications. — The  purpose  of  specifications  is  to  supplement 
(In-  contract  and  the  <lra\\  ini:-.  l»y  giving  additional  information 
and  instructions  as  to  the  materials  to  be  furnished  and  the  man- 
ner in  which  the  work  is  to  be  done.  The  specifications  further 
serve  the  contractor  as  a  guide  to  the  requirements  of  the  work 
in  preparing  his  bid,  and  as  a  manual  of  instructions  to  those 
supervising  the  work. 

Specifications  can  most  conveniently  be  arranged  by  ^roupinu; 
the  general  requirements  as  to  labor  and  materials  and  workman- 
ship, which  are  common  to  a  number  of  items  of  work,  into  general 
specifications;  and  then  providing  detail  specifications  for  the 
various  parts  or  items  into  which  the  requirements  of  the  general 
specifications  are  read  and  which  contain,  in  addition,  the  provi- 
sions applying  to  the  particular  items  or  classes  of  work.  Where 
the  work  is  on  the  unit  price  basis,  particular  attention  must  be 
given  to  clearly  stating  the  work  included  in  the  price  bid  and 
the  basis  of  its  measurement  and  payment. 

SUPERVISION  OF  CONSTRUCTION 

The  extent  of  the  organization  to  supervise  construction  will 
depend  upon  the  extent  of  the  work  and  the  form  of  contract 
under  which  it  is  to  be  executed.  In  any  event,  the  force  must 
be  organized  to  give  general  supervision,  to  inspect  the  materials 
and  workmanship,  to  give  the  necessary  lines  and  grades  for  the 
construction,  and  to  keep  records  of  progress  and  for  certification 
of  payments.  Where  the  work  is  done  on  a  cost-plus  basis,  there 
must  further  be  provision  for  financial  control,  for  timekeeping 
and  checking  of  labor,  materials  and  bills,  and,  if  the  materials 
are  to  be  purchased  by  the  owner,  a  purchasing  department 
must  be  included. 

It  will  be  necessary  that  the  owner  have  sufficient  control  over 
the  work  to  insure  that  the  contract  is  carried  out  in  accordance 
with  its  terms  and  that  his  interests  are  fully  protected.  To  this 
end  it  is  necessary  and  advisable  to  supervise  the  construction 
with  the  same  degree  of  care  as  that  followed  in  the  preparation 
ot  the  plans  and  designs.  A  construction  superintendent  or 
manager  should  be  placed  in  immediate  charge  of  the  work,  and 
should  report  directly  to  the  executive  officer  in  general  charge. 

Construction  Problems. — Adequate  consideration  must  be 
given  to  a  number  of  problems  which  arise  in  construction,  both 
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tp  set  .ii.tl.le  provision*  for  their  M»lution  are  included  in 

the  contract  and  that  rh.  \  arc  satisfactorily  carried  out  in  t  In- 
field.    These  include  il». 

(tram. — A  program  of  the  onliT  in  which  construction  is 
to  be  carried  out  «hould  lie  devised  at  the  inception  of  the  work. 
Me  rate  and  sequence  of  tin-  various  opera- 
tions, enable  materials  to  be  ordered  and  <i.  i  without 

and  confusion.  an«l  prevent  th«- interference  of  one  part  of 
the  work  \M  parts.  Tin  details  of  the  program  will 

depend  upon  thesixeof  the  undertaking,  and  the  extent  to  which 
plant  and  equipment  can  be  used  and  the  number  and  siie  of 
labor  gangs  \\hi.-h  can  be  advantageously  and  economically 
employed.  Serious  delays,  loss  of  time  and  excessive  cost  may 
(1  by  pushing  one  class  of  work  ahead,  to  '  uncnt 

work  as  a  whole.  It  may  not  always  be  possible  to  adopt 
the  most  economical  plan  of  operation,  as  the  demand  for  speed 
may  be  greater  than  tmt  there  will  be,  in 

king,  a  program  for  any  desired  rate  of  progress 
which  will  be  most  ec»  I.  and  if  the  time  element  is 

mater  i :  ill  sed ,  it  can  only  be  accom  plished  by  undergoing 

excessive  construction  cost. 

"n>tnii tion  economy  and  demand  for  early  completion  of 
t  In-  houses  were  left  out  of  consideration,  the  most  desirable  plan 
would  be  to  first  execute  the  general  grading  of  the  site  and  com- 
plete Ihe  street  improvements  and  utilities  and  then-after  build 
tlie  houses,  but  it  is  ordinarily  not  feasible  to  follow  this  plan, 
as  it  will  generally  require  t  wo  working  seasons.  It  will  therefore 
usually  be  necessary  to  make  reasonable  provision  for  temporary 
construction  roads  and  to  proceed  with  the  construction  of 
houses,  after  the  rough  grading  has  been  done,  in  one  part  of  the 
tract,  while  street  improvements  and  utilities  are  carried  along 
in  another  part.  By  suitably  dividing  the  work  into  several 

'iis,  a  continuous  use  of  various  sized  gangs  of  labor  and 
skilled  workmen  may  be  worked  out,  which  will  not  only  produce 
more  satisfactory  labor  conditions,  but  will  expedite  and  reduce 
the  cost  of  the  work. 

Yards  and  Delivery  of  Materials. — The  expense  of  handling 

nils,  in  unloading,  hauling,  storing  and  delivering  is  an 
important  item  in  the  cost  of  construction.  Where  the  sise 
of  the  \\ork  warrants,  it  will  be  advisable  to  extend  a  siding  to 
and  into  the  tract,  provided  the  cost  is  not  excessive  compared 
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\\  that  of  unloading  and  trucking  from  an  existing  siding. 
This  siding  should  be  extruded  in  such  manner  as  to  enable  a 
storage  and  unloading  \.-u-d  to  be  developed  in  a  location  which 
will  be  convenient  for  the  delivery  of  materials  by  trucks  to  tin- 
various  parts  of  the  trait.  Certain  of  the  building  materials 
may  be  unloaded  from  the  cars  directly  into  trucks,  and  im- 
mediately distributed  on  the  work;  other  materials,  such  as 
cement,  lime,  etc.  must  l>e  placed  in  temporary  storage  buildings 
for  protection  from  the  elements,  and  hauled  to  the  work  as 
required. 

Sanitation. — Unless  the  project  is  a  small  one,  and  particu- 
larly when  the  site  is  remote  from  built-up  districts,  the  construc- 
tion of  contractors*  camps  will  be  required.  Such  camps  will 
be  of  temporary  construction  and  will  include  bunk  houses  for 
the  laborers,  quarters  for  the  superintendents,  office  men  and 
foremen,  a  commissary,  stables,  store  houses,  blacksmith  shop 
and  other  buildings  and  facilities  including  perhaps  a  first  aid 
station,  or  emergency  hospital. 

The  site  for  the  camp  and  the  location  of  the  various  buildings 
should  be  carefully  planned  with  respect  to  utility,  health,  sani- 
tation and  convenience. 

The  sanitation  of  the  contractor's  camp  surroundings  and  food 
supply  cannot  be  neglected  without  running  a  grave  risk  of 
having  infectious  diseases  break  out  and  spread.  This  will  not 
only  delay  the  work  but  may  create  a  prejudice  which  will  react 
against  the  success  of  the  project.  Attention  must  be  given  to 
the  housing  of  the  workmen,  requiring  that  the  quarters  shall  be 
livable  and  satisfactory  with  regard  to  ventilation,  cleanliness, 
and  space  allowed  per  man.  Satisfactory  sanitary  standards 
should  be  observed  in  regard  to  the  collection  and  disposal  of 
garbage  and  other  wastes,  and  adequate  sanitary  facilities  must 
be  provided.  Not  only  do  these  things  concern  the  immediate 
question  of  health,  but  they  also  exert  a  great  influence  upon  the 
spirit  and  efficiency  of  the  workmen. 

Fire  Protection. — Fire  protection  becomes  a  very  important 
feature  in  the  construction  of  a  large  number  of  houses  in  iso- 
lated districts  beyond  the  service  of  established  fire  departments. 
It  will  frequently  be  necessary  in  such  cases  to  provide  temjxirary 
means  of  fire  protection  until  the  installation  of  the  water  supply 
distribution  system  has  been  completed  and  permanent  fire 
fighting  equipment  has  been  provided  and  its  personnel  organ- 
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ned.    Such  temporary  fire  protection  measure*  will  include  the 
designation  of  one  of  the  construction  men  an  fire  chief,  with  71 
Miiheient  force  of  men  readily  available  from  the  coii 
forces.    Fire  signals  for  giving  the  alarm  must  be  provided  and 
occasional  drill*  held  in  -  tie  the  men  with  the 

facilities  and  equipment  and  the  methods  to  be  followed  The 
equipment  should  consist  of  an  ample  number  of  barrels  of  v. 

••u.-ket-  suitably  m.-irk.-d  at  each  building,  and  a  supi 
chemical  fire  extinguishers  located  at  spent i«l  IM tints.    A  good 
system  of  fire  prevention,  well  managed  and  directed,  and  a 

ly  enforced  set  of  regulations,  with  systematic  inspection 
of  the  premises,  will  be  cftV  mless  conflagrations  are  started 

under  unusual  rinu instances.  An  important  provision  in  the 
tin-  regulations  should  pertain  to  the  location  and  isolation  of 
1  milling!*  containing  inflaiiin  (Combustible  materials. 

\\heiv   tin-   future   tin-  pmteetn.n  MffieC  \MU  Ml    '•»•  n  nd.-n-d 

as  an  extension  of  an  exist  im:  municipal  i 
fire  protection  service  should  be  planned  at  the  beginning  of 
construction,  and  any  equipment  which  <  an  afterwards  be  used 
as  part  <>f  the  permanent  equipment  should  be  promptly  pur- 
chased and  put  into  service.  In  any  case  where  the  siie  of  the 
project  warrants,  chemical  fire  fighting  equipment  or  hydrants 
and  hose,  served  by  a  temporary  water  supply,  should  be 

Temporary  Water  Supply. — The  permanent  water  supply 
•  m ion  system  should  U»  planned  and  constructed,  so  as 
to  minimize  as  much  as  possible  the  extent  and  cost  of  temporary 
water  supplies  for  construction  and  fire  protection  purposes. 
Pending  the  installation  of  the  permanent  lines,  it  will  be  neces- 
sary to  lay  temporary  water  lines,  which  will  usually  consist  of 
•J-in.  screw  joint  pijM*.  laid  directly  on  the  surface  of  the  ground, 
with  suitable  covering  at  road  crossings.  Proper  consideration 
must  be  given  to  the  source  of  this  supply,  and  provison  made  for 
the  constant  supervision  and  protection  of  its  sanitary  quality, 
if  necessary,  by  the  u-e.,f ,  >n  or  filtration.  Carefulstudy 

1  also  be  given  to  the  In  the  temporary  water  dis- 

tribution system,  so  that  it  may  conform  to  the  requirements  of 
fire  protection,  and  be  as  useful  as  possible  in  connection  with  the 
permanent  syst<  m. 

Construction  Road*. — The  ex  which  construction  roads 

must  be  built  will  depend  upon  the  siie  of  the  project  and  the 
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character  of  tho  soil.  Where  jxxssible,  temporary  construction 
roads  should  not  be  built  until  the  streets  have  been  mutfh- 
graded,  and  con  "ii  should  be  pven  t«»  \\hei  her  ec<>ii<»n 

may  not  be  realized  by  utilizing  the  graded  permanent  streets 
and  alleys  for  the  location  of  construction  roads. 

The  extensive  use  of  modern  heavy  trucks  has  made  the  re- 
quirements of  temporary  construction  roads  more  severe  than  was 
tlie  case  a  few  years  ago;  the  trucks  are  operated  at  a  much 
higher  cost  per  hour  than  in  the  case  of  horse  drawn  wagons. 
It  is  therefore  possible  and  necessary  to  provide  a  road  surface 
of  sufficient  wearing  and  bearing  qualit  i«  s  to  permit  the  efficient 
operation  of  such  heavy  vehicles.  Cinders,  local  gravel  or 
broken  stone  can  be  used  for  surfacing;  heavy  planks  or  cordu- 
roy are  frequently  suitable  for  such  temporary  roads. 

Progress  and  Cost  Reports. — An  important  function  of  the  con- 
struction organization  is  to  compile  information  for  and  prepare 
reports  as  to  the  progress  and  cost  of  the  work.  A  progress 
chart,  covering  the  details  as  to  the  time  of  starting  and  comple- 
tion of  each  part  of  the  work,  is  of  great  value  in  the  management 
of  construction.  Unavoidable  delays  and  conditions  will  un- 
doubtedly cause  modifications  in  the  original  program  and  its 
enforcement  can  be  accomplished  only  by  periodic  reports  as 
to  the  progress  actually  made  on  each  part  of  the  work.  In  t  his 
way,  delays  affecting  any  part  of  the  work,  with  the  possilulr 
of  interference  and  confusion,  will  be  detected,  and  steps  may  be 
taken  for  the  rectification  of  conditions. 

Cost  accounting  and  cost  reports  will  constitute  one  of  the 
most  difficult  items  of  administration  of  construction. 
These  will  require  the  formulation  of  a  simple  but  effective 
method  of  obtaining  the  cost  of  labor  and  materials  and  their 
distribution  among  the  various  items  of  work.  The  accounting 
work  should  be  placed  in  direct  charge  of  an  official  whose  expe- 
rience and  qualifications  include  both  those  of  construction  ac- 
counting and  the  practical  direction  of  construction  work.  The 
ordinary  accounting  methods  are  entirely  unsuitable  for  the  pur- 
pose in  hand.  Where  the  work  is  being  done  under  a  cost-plus 
form  of  contract,  it  is  absolutely  necessary  that  those  in  executive 
charge  of  the  work  have  at  hand  at  all  times  the  actual  cost  of 
each  part  of  the  work,  for  the  reason  that  there  is  no  other  method 
of  determining  whether  or  not  the  work  is  being  carried  out  at  a 
reasonable  cost.  In  this  manner,  instances  of  leakage,  waste, 
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incompetence  or  improper  methods  of  conjit ruction   may   be 
d.-i.Tt.-d  and  oometed 

Record  PUns  and  Reports. — Record  plan*  should  be  prepared 
of  the  development  as  actually  constructed.  These  will  include 
the  plans  relut  ?»a,  property  lines  and  nnsfi 

ments  which   will  be  necessary;  da*  n><|um-<i  for  re- 

cording properties  and  easements,  and  in  dedicating  or  deeding 
streets  or  highways  to  the  in 

ne  record  maps  should  show,  in  plan  and  profile,  the  definiti- 
on of  the  street  linen,  and  the  location  of  monuments  and 
necessary  information  and  should  further  show  the  ctftahluthfd 
grade  lines.    Record  maps  also  show  the  property  subdivision, 
.  and  lot  records  and  hou-,.  U-ation*. 

Record  plans  of  the  street  improvements,  utility  systems  *nd 
house  service*  and  connections  should  be  prepared  which  will 
show  loca  ind  site,  in  sufficirnt  detail  so  that  th«- 

neoessary  information  will  be  readily  available  when  required  in 
operation. 


CHAPTER  XIII 
MANAGEMENT  OF  INDUSTRIAL  TOWNS 

T->  1-E8  OF  TOWNS — ISOLATED  INDUSTRIAL  TOWNS — SUBURBAN 
INDUSTRIAL  TOWNS 

TYPES  OF  TOWNS 

Company-controlled  Towns. — Tin-  keynote  of  this  clmpter 
results  from  the  firm  convi« -tion  that  permanently  company-  \ 
owned  and  exclusively  company-controlled  towns  are  theoret- 
ically undesirable  civic  units  in  the  United  States;  unless 
situation,  isolation  and  character  of  industry  make  such  advis- 
able for  municipal  purposes.  They  are  undesirable,  if  avoidable, 
^-because  they  are  out  of  place  in  a  country,  whose  government 
is  one  "of  the  people,  by  the  people,  for  the  people".  Should 
one  insist  upon  a  practical  demonstration  of  this  truth,  it  can 
!><•  found  in  the  historic  dismal  failures  of  several  so-called 
model  towns — superior  as  to  houses,  sanitation,  utilities,  and 
similar  physical  requirements — but  in  which  the  management 
has  been  falsely  founded  upon  paternalistic  rather  than  demo- 
crat ic  principles.  Residents  of  such  company  towns  frequently 
refer  to  the  irksome  and  irritating  relationships  that  exist,  in 
spite  of  all  efforts  that  may  be  made  to  make  the  community 
conditions  happy  and  agreeable. 

The  difficulties  and  dangers  which  characterize  a  company- 
rolled  community  should  be  thoroughly  appreciated  at  the 
outset  by  the  promoters  of  an  industrial  enterprise,  which  in- 
volves the  provision  for  housing  by  the  company,  at  least  for 
ue.  A  full  knowledge  of  the  responsibilities  that  arise  in 
connection  with  the  management  of  a  town  may  vitally  affect 
the  formulation  of  a  program  of  industrial  expansion.  Often  it 
is  too  late  to  change  the  policy  after  the  town  or  the  plant  has 
been  constructed.  Every  effort  should  therefore  be  made  to 
solve  the  industrial  and  the  town  problems  together,  and,  if 
possible,  in  such  a  manner  as  to  make  a  company-controlled 
community  unnecessary  or  temporary.  Nevertheless,  there  are 
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umpany  towns  are  the  only 

.Mllllf 

Isolated  Company  Towns. — The  method  of  administration 
Applicable  to  an  in  1  town  is  greatly  affected  by  its  location. 

Some  industrial  towns  must  necessarily  be  isolated  from  existing 
communities— as,  for  example,  many  mining  towns.  The  isolation 

rniiihined    \\H\\    «u<  h    factor-  :i>    hmh    eo-f    of  .  .  .n-t  ru-  T  i-  -n .   M)B> 

fertility  of  soil,  short  life  of  industry  and  absence  of  diversified 
tries,  may  make  the  houses  non-saleable.  In  other  words, 
it  may  be  unavoidable  and,  therefore,  desirable  that  the  com- 
pany maintain  the  ownership  of  all  the  houses,  and  consequently 
exercise  control  over  the  town  affairs.  In  fact,  such  a  town, 
in- -hiding  streets,  utilities,  houses  and  pu)>li<  t»uildings,  is  private 
property.  Some  suggestions  as  to  the  management  of  such  a 
town,  so  as  to  avoid,  so  far  as  possible,  all  the  disadvantages 
inherent  in  this  condition.  \\ill  IN-  outlined  later. 

Suburban  Industrial  Towns. — Many  industrial  towns,  how- 
ever, may  be  built  adjacent  to  or  in  close  proximity  to  established 
communities.  Because  of  the  residential  value  of  the  pro; 
the  possibility  of  annexation  to  the  larger  city,  and  the  vari< 
in.  lu-tries  available  for  employment,  the  houses  may  be  readily 
saleable.  Thus  in  due  t  im. -.  the  entire  management  of  the  town 
will  pass  out  of  the  hands  of  the  industry  and  into  the  control 
community.  The  desirability  of  this  situation,  as  com- 
pared with  that  previously  referred  to,  is  apparent.  The  selec- 
tion of  such  a  location,  when  ever  possible,  cannot  be  too  strongly 
recommended. 

It  should  be  pointed  out,  however,  that  ev< -n  in  these  condi- 
tions there  is  a  transition  era,  during  which  the  company  must 
manage  the  town  affairs,  in  order  de  adequate  facilities 

and  progressive  improvements,  which  lack  of  funds  and  unwise 
planning  frequently  \v  growing  communities. 

How  this  can  be  most  judiciously  carried  out  and  how  the  trans- 
fer can  be  most  speedily  and  satisfactorily  accomplished  is  the 
problem  to  the  solution  of  which  this  discussion  will  be  addressed. 

Too  much  stress  cannot  be  placed  upon  the  importance  of 
good  management  on  the  part  of  the  company  during  .*•. 
period  of  transition.    The  salcability  of  the  houses  and  success 
of  the  \\hole  program  are  affected  by  it.    For  example,  if.  through 
ic  health  administration,  epidemics  break  out:  if, 
faulty  upkeep,  the  houses  det«  if.  through  made- 
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quate  fire  fighting  facilities  and  organization.  ><  rimis  eonllagra- 
tions  break  out;  if.  through  lack  of  projxT  polieing.  houses  of 
bad  repute  become  established  or  lawlessness  become  rampant ; 
if,  through  lack  of  supervision,  store  prices  become  extort i<>nat< •: 
if,  through  la<  k  of  medi.  al  attention,  high  mortality  prevails; — if 
any  one  or  all  of  t  nditions  arise  through  in.  ili<  i«  nt  or 

negligent  «>mpany  administration — the  sale  of  the  houses  will 
be  greatly  delayed,  and  the  entire  working  out  of  desirable  plans 
and  policies  may  be  retarded,  if  not  entirely  frustrated. 

We  may,  therefore,  conclude  that  the  ideal  industrial  com- 
munity is  one  of  permanent  character,  in  localities  where  values 
will  continue  relatively  stable;  one  which  has  been  planned 
along  broad  and  comprehensive  lines,  with  well  directed  initial 
development,  but  one  in  which  it  is  possible  for  either  the  in- 
dustry or  the  individual  to  build  and  own  houses  subject  to 
proper  restrictions  and  regulations.  Such  happy  results  will 
eliminate  the  paternalistic  atmosphere  of  company  control  and 
at  the  same  time  prevent  the  haphazard  and  undesirable  type 
of  development  that  results  from  miscellaneous  individual 
operations. 

ISOLATED  INDUSTRIAL  TOWNS 

Usually  Company  Towns. — Isolated  industrial  towns  usually 
begin  as,  and  have  a  tendency  to  remain  company-con  trolled 
towns.  This  is  neither  universally  nor  necessarily  true,  as  ex- 
amples could  be  cited  where  such  towns,  originally  established  by 
a  single  enterprise,  have  nevertheless  developed  community- 
control,  with  cooperative  or  copartnership  management,  or 
under  the  more  usual  forms  of  municipal  organization. 

Commonly,  however,  isolated  industrial  communities  remain 
company-controlled,  most  frequently  because  of  necessity  aid- 
ing out  of  the  non-saleability  of  the  houses;  but  occasionally, 
through  choice  of  the  industrial  management.  Such  necessity 
is  a  real  and  valid  reason  for  company  control.  Conditions  may 
readily  be  such  that  the  workman  would  be  unwise,  to  say  t  he- 
least,  to  invest  his  savings  in  a  home,  the  usefulness  of  which  to 
his  family  is  wholly  dependent  upon  his  holding  a  particular  job. 
Company  ownership  of  houses  and  all  other  facilities  leads  almost 
unavoidably  to  company  management  of  the  town.  But  suffi- 
cient experience  has  now  been  obtained  in  such  questions  to 
justify  the  conclusion  that  no  broad  minded  industrial  leader 
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-!,M,iM  :i:.-.  longer  v<>:  .1000  permanent  company  Con- 

trol of  a  housing  development  ,  if  it  were  possible  to  hope  for 

-I,L'  hUequal  reMil1-  un-l.-r  .my  other  form  of  management. 

Supposed  Advantage*.  —  Formerly  it  was  considered  a  certain 

advantage  for  indu-trios  to  control  the  homes  of  their  workers. 

It  was  thought  that  this  was  the  only  sure  way  to  have  adequate 

housit  <>f  houses  was  helpful  in  ease  of  labor 

•»kr  the  company  an  added  weapon  in  the  threat 

of  eviction,  and  permitting  8l».  !n*d  for  those  will- 

:tse  of  shortage  of  work  or  temporary  nhut- 

..!  the  p!.i:iT.  i  ".•  \\o»k«-rs  would  not  be  pressed  for  rents 

by  avaricious  landlnr-.  'own  san.  cleanliness,  secure 

ng,  etc.  could  be  more  exj>editiou«ly  and  efficiently  handled 

:u»  company. 

Hut   tin    o!<i,   I.  rut:.  ds,  both  of  strikers  and  of  their 

opponents,  have  gone  by  the  board,  to  be  succeeded  by  a  new 
spirit  of  discussion  and  com  -illation.  And  although  it  is  true 

tli:it    d.-moeraey  ami   rfllri.-nry   do  not    alway*   L"»   hand   in    hand. 

recent   history  has  proved  that  democracy,  even  though  less 
:it  .  is  a  safer  and  wiser  aim  than  the  most  efficient  a 

Old    considerations,  therefore,  no  longer  apply.     And, 
while  it  is  no  doubt  ea  lie  company  to  maintain  its  control 

<>f  the  management  of  the  town,  than  to  attempt  the  difficult 
task  of  developing  in  the  people  t  he  capacity  and  the  organisation 
for  self-government.  nevertheless  the  easiest  way  may  prove  the 
most  costly  way  in  the  long  run,  and,  therefore,  the  effort  toward 
democracy  is  worth  trying  wherever  success  is  possible.  Indus- 
try i*  ^  today  t-  industrial  <lemocracy,  and 

no  better  preparation  ran  be  had  for  the  development  of  methods 
of  organisation  and  for  the  assumption  of  new  responsibilities 
than  the  control  t>y  the  worker  of  his  own  home  and  his  own 
community. 
Unique  Conditions.  —  In  the  cases  where  company  ownership 

\vns  detached  from  other  communities  a: 

.ever,  the  indu-iii..  upon  whom  devolves 

>wn  management,  must  have  all  their  conceptions 

and  plan-  that  conditions  are  entirely 

different  from  those  prevailing  in  the  average  small  independent 

American  city.    Many  schemes  which  may  work  out  in  the  latter 

til  in  r  v  as  a  result  of  certain  of  these 

differences;  among  which  special  mention  may  be  made  of  uni- 
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vcreal  tenantry,  absence  of  c,,mp< -tit ion  between  landlords  and 
identity  of  employer  and  landlord. 

Universal  Tenantry. — Company  control  means  that  all  of  the 
people  are  tenants  or  boarders,  and  nil  thcstability,  responsibilit  y 
and  l»alance  that  germinate  and  flourish  in  a  community  of  home 
owners  are  absent.  There  is  a  certain  magic  in  home-owning. 
The  individual  who  secure-  a  deed  to  a  small  plot  of  ground  and  a 
little  home  thereon  has  his  economic  and  political  theories 
profoundly  altered,  and  no  community  can  afford  to  overlook 
the  difference  between  such  a  citizen  and  the  one  who  rents  or 
boards,  and  whose  range  for  theorizing  without  affecting  his 
immediate  interests  is  correspondingly  greater. 

One  Landlord. — Universal  tenantry  creates  unique  reactions, 
and  these  are  seriously  complicated  and  accentuated  in  the  com- 
pany town  by  the  fact  that  all  the  tenants  have  the  same  landlord. 
Monoply  of  any  necessity  engenders  distrust  of  those  dependent 
upon  the  monopolist,  and  absence  of  com  petit  ion  between  land- 
lords removes  one  of  the  healthiest  characteristics  of  normal  in- 
dependent com  in  unities. 

Frequently  there  is  no  valid  reason  for  distrust,  but  such  feelings 
are  not  always  dependent  upon  reason  for  their  development. 
No  matter  how  equitable  the  company  may  be  in  its  dealings, 
therefore,  it  cannot  afford,  in  formulating  its  policies,  to  nc  ul«  <  t 
the  influence  of  its  sole  landlordism.  And  at  the  same  time,  it 
must  guard  against  the  mistake  of  going  to  the  extreme  of  an 
dver-generous  attitude,  which  may  wreck  the  whole  development 
upon  the  rock  of  paternalism. 

Identity  of  Landlord  and  Employer. — If  to  these  reactions  are 
added  those  that  result  from  the  fact  that  the  monopolistic 
landlord  is  likewise  the  universal  employer,  then  indeed  can  one 
realize  the  multitude  of  complexities  that  differentiate  the  prob- 
lems of  management  in  a  company  town  from  those  of  normal 
communities.  These  unique  conditions  must  necessarily  react 
upon  the  system  of  government  in  all  of  its  manifestations  and 
no  program  of  management  can  have  even  a  chance  of  success 
unless  it  takes  them  fully  into  account  at  all  times. 

Principles  of  Town  Management. — If,  then,  pcrmament  com- 
pany control  of  towns  is  not  desirable,  but  if  under  certain  con- 
ditions such  control  is  necessary,  it  becomes  important  to 
organize  the  management  so  that  it  will  approximate  as  closely 
as  may  be,  the  conditions  found  in  independent  towns.  In 
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>K  this  pro!  ;'l«-   will  U>  of  grcaUvt  help: 

hat  the  holm-  tUiould  be  separated  from  t)  and  that 

the  town  should  be,  as  nearly  as  possible,  self-support  i 

Separate  from  MatU.—Onc  basic  principle  to  |M*  adhered 
to  make  the  town  management  as  in<!<  j*  -nd.  M   ml  isfMUasi 
from  plant  control  as  is  possible.    A  M«  p  in  this  direction  may 
be  ad  lie  town  a  reasonable  distance  away 

from  tin-  industry,  im  discussed  in  Chap.  III.  Physical  separa- 
tion makes  more  readily  possible  the  separate  organisation  of 
the  management,  as  well  as  of  the  financing  and  constru 
of  tiu-  tnun.  Subsidiary  land  companies  or  housing  organisa- 
tions are  often  a  means  of  keeping  town  and  plant  management 
separate.  Of  course,  when  ti  ;»  is  traced  to  the 

highest  officers  in  authority.  (h<>  controlling  interests  will  U- 
found  1;  I -in  in  tin-  current  every  day  affairs  this  identity 

need  not  \iously  manifest. 

Certain  financial  transactions,  such  as  the  payment  of  house 

or  the  pa  <  »f  store  bills  or  boarding  house  obligations, 

etc.  are  often  deducted  from  the  pay  envelope  at  the  plant 
cashier's  office.  This  is  commonly  .  as  a  measn 

security  and  <  .  l-ut   it  <!«><>  inten>ify  the  atmosphere  of 

company  might  appear  like  " straining  at  a  gnat"; 

and  yet  it  is  a  fact  that  the  actual  receipt  l.y  the  employee  of  his 
full  earnings,  even  though  they  may  remain  in  his  possession  but 
a  shot  »ade,  carries  with  it  a 

certain  feeling  of  ind» -JM -ndence  and  satisfaction.  It  likewise 
carries  with  it  a  certain  responsibility.  j»art  of  the  wage 

r  because  it  indicates  that  trust  is  placed  in  him:  whereas 
the  opposite  course  expresses  a  lack  of  confidence  that  is  inimical 
to  good  relations. 

It  is  also  contrary  to  the  American  spirit  of  independence  to 
relate  too  closely  the  conduct  of  the  worker  in  the  home  and  his 
standing  at  the  mill,  so  that  one  affects  the  other.  There  are 
much  IH  tter  ways  of  educating  the  workman  who  does  not  keep 
his  premises  clean,  than  l>y  threatening  to  have  him  discharged 
from  his  jol>;  ju.-t  a-  tin  -n-  are  l«  tter  ways  of  rewarding  civic  pride 
than  by  promotion  at  the  plant.  It  is  «-a>v  to  see  how  readily 
these  and  similar  undesirable  interactions  take  place  when  town 
and  plant  management  are  too  closely  merged. 

•a in  industrial  leaders,  in  an  effort  to  promote  the  welfare 
•M-ir  employees,  have  developed  elaborate  systems  of 
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in  close  touch  with  their  personal  and  home  affairs.  This,  of 
course,  is  an  attempt  to  develop  the  old-fa>hioned  intimacy  of 
contact  between  the  owner  and  craftsmen.  Modern  indu>try, 
however,  with  its  complexity  and  magnitude,  makes  this  intim- 
acy well  nigh  impossible.  To  foster  it  artifically  develops  per- 
haps the  husk,  but  not  the  heart.  For  example,  it  nurses 
visit  the  homes  of  absent  workmen  to  learn  the  cause  of  ab- 
sence— sickness  or  otherwise — it  should  be  made  apparent 
that  this  comes  from  a  real  interest  and  desire  to  be  of  help 
and  not  foi  the  purpose  of  obtaining  truancy  reports. 

Such  illustrations  of  keeping  town  and  plant  separate  will  l>e 
enlarged  later  in  outlining  the  divisional  functions  of  the  depart- 
ment of  town  management. 

Self-Supporting. — Insofar  as  it  is  humanly  possible  the  town 
should  be  made  self-supporting.  It  is  inimical  to  the  best  inter- 
ests of  both  the  company  and  the  workman  to  have  the  workman 
receive  something  for  nothing.  In  Chap.  II  attention  has 
been  called  to  a  marginal  deficit  that  appears  to  prevail  today 
with  respect  to  supporting  houses  for  common  labor  from 
rentals  alone.  This  anomalous  condition  is  no  doubt  transitory, 
due  to  mal-adjustment,  subsequent  to  the  Great  War.  Higher 
wages  or  lower  building  costs  will  cause  it  to  vanish  in  time.  It 
in  no  way  disproves  the  contention  that  company-controlled 
towns,  like  other  self-respecting  communities  in  the  United  States, 
should  be  self-supporting. 

A  certain  industrial  town  was  for  a  time  largely  supported 
from  the  coffers  of  the  company.  Such  gratuities  as  free  house 
rent,  free  furniture,  free  light  and  heat,  free  telephone  service, 
free  repairs,  free  recreation,  etc.  were  furnished  to  the  em- 
ployees, the  quantity  and  character  of  these  perquisites  being 
dependent  upon  the  position  of  the  individual  with  the  company. 
It  then  became  necessary,  in  order  to  distribute  these  gratuities 
equitably,  to  prepare  a  list  of  regulations,  classifying  the  em- 
ployees, not  only  with  respect  to  employment  and  wages,  but 
also  with  respect  to  furniture,  recreation,  utib'ty  service  and 
home  life,  and  adopting  standards  for  each  classification. 

The  difficulties  of  attempting  to  standardize  homes  are  ap- 
parent. One  might  as  well  attempt  to  standardize  noses.  The 
plan  has  always  been  a  failure.  Instead  of  producing  content- 
ment, it  arouses  dissatisfaction.  It  is  expensive  because  people 
often  request  service,  because  it  is  free,  in  excess  of  their  needs. 
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The  free-for-all  plan  ha§  largely  been  abolished  and  the  pay-far 
what-you-get  system  i.  an  adjustment  being  made 

in  salaries  and  wages  and  the  town  made  self -mi  ppor  ting.    This 
I  seem  to  have  been  merely  a  bookkeeping  transaction;  in 
reality  it  was  much  more, — it  was  submitutmK  independence  for 

pateinah-m. 

Functions  of  Town  Management-  !  ning  tho  vanou* 

'own  management  \\\  a  company-controlled  indua- 
trial  town,  the  two  previ<  u«d  basic  principle*  should 

be  adh.-i.-d  r..  a.  tar  a*  possible, — namely,  town  management 
-I n.u M  be  separate  from  plant  management,  and  the  town  should 
be  self-«upp< 

>>TOTCM.— The  department  of  town  management  should 
include,  in  addition  to  management  of  houses,  such  puMic  senr- 
ioes  as  operation  and  mamti -nance  of  water  supply  and  sewerage; 
supervision  of  garbage  and  waste  removal ;  upkeep  of  trails,  roads 
and  pavements;  supervision  over  domestic  gas  and  ele< 

e;  care  of  puMie  grounds  and  parks;  and  public  health  and 

administration.    Consideration  has  been  given   to   the 

management  of  the  various  public  utilities  in  the  several  chapter* 

relating  tn  them.     Reference  is  again  made  to  them  principally 

for  the  purpose  of  railing  attention  to  certain  additional  points 

1  to. 

saying  that  tho  design  and  construction  of  a 
water  system  for  a  town  of  almost  any  size  should  be  placed  in 
the  hands  of  experts  trained  along  these  lines.  There  is  like- 
wise great  advantage  in  having  the  operation  of  the  water  sys- 

.1  ami  un«i<  r  the  supervision  of  a  trained  organization  con- 
taining engineers,  eheimsts  and  l>a«",  n,, !..-;  —  .  For  towns  too 
small  to  juMify  the  maintenance  of  a  complete  organization  of 
\\\\>  kind  tOr  the  pui|>o0e,  many  companies  now  render  such  serv- 
ices under  a  part  time  arrangement .  \  the  best  technical 

e  can  be  obtained  at  a  reasonable  cost.  Sewerage  systems 
and  sewage  disposal  plants,  if  correctly  designed  and  constructed, 
may  require  less  technical  su;  D  than  do  water  supplies, 

hse  also  should  have  skilled  direction,  in  order  to  promote 
efficiency  and  economy. 

Garbage  and  waste  removal  and  disposal  require  dose,  system* 
a?  i.-  \\ati  hnm  and  m-  rather  than  technical  supervision; 

if  the  town  is  to  be  maintained  in  a  wholesome  condition.     Effi- 

results  can  be  obtained  only  by  enlisting  the  support  of 
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every  member  of  the  community.  A  campaign  of  education 
locally  adapted  to  the  peculiarities  of  the  people  concerned, 
should  therefore  be  promoted.  Motion  pictures  and  circular 
notices,  illustrating  how  flies  produce  diseases;  clean-up  cam- 
paigns; the  enlistment  of  the  interest  of  school  children  ;md  Boy 
Scouts;  the  offering  of  prizes  for  cleanest  premises  and  best 
gardens, — are  all  methods  winch  will  help  make  and  keep  the 
town  clean  at  not  too  great  a  cost. 

The  economical  upkeep  of  roads  and  pavements  n -(pim -s 
first,  good  design;  second,  thorough  construction;  and  finally 
steady,  consistent  repairs,  rather  than  sporadic  splurges.  A 
carefully  planned  program  of  maintenance,  l.ased  upon  the  old- 
fashioned  theory  that  "a  stitch  in  time  saves  nine  ",  is  the  sound- 
est policy  to  follow. 

In  company-controlled  towns,  where  service  is  not  supplied 
by  a  public  utility  company,  the  operation  and  maintenance  of 
the  gas  and  electrical  services  may  often  be  placed  to  advantage 
in  the  hands  of  the  plant  engineers.  Large  industrial  plants 
usually  include  highly  developed  electrical  and  mechanical  engi- 
neering departments  which  can  readily  supply  necessary  men  to 
keep  the  gas  and  electrical  systems  of  the  townsite  in  good  order. 
It  is  by  far  the  best  policy  to  have  all  gas  and  electrical  service, 
as  well  as  water,  on  a  meter  basis. 

Care  of  public  parks  and  grounds  is  an  important  part  of  town 
management.  These  should  be  made  self-supporting  insofar 
as  possible.  In  independent  towns,  the  taxes  cause  people  i<> 
feel  that  they  are  supporters  of  the  park  system.  In  company- 
controlled  towns,  wherein  all  the  property  is  owned  by  the  com- 
pany, some  process  should  be  substituted  whereby  the  people 
can  become  at  least  part-supporters  of  their  parks.  Of 
profits  from  company  stores  have  gone  into  park  improvements. 
In  other  places,  revenue  from  athletic  contests,  rental  from  con- 
cessionaires, collections  made  at  band  concerts,  etc.,  may  be  de- 
voted to  upkeep  of  parks  and  public  grounds.  It  is  the  principle 
of  self-suppport,  rather  than  the  actual  saving  involved,  that  is 
the  important  issue. 

Public  health  administration  is  an  important  function  of  town 
management.  Unless  the  town  manager  chances  to  be  a  trained 
sanitarian,  all  public  health  measures  may  with  advantage  ema- 
nate from  the  medical  department  of  the  company.  There  are, 
however,  agencies  equipped  to  give  special  and  technical  service 
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in  many  of  tin-  functions  of  public  health  service  as  a  part  time 
basts,  similar  to  that  mentioned  for  utility  supervision,  so  that 
a  high  grade  of  sanitary  service  may  be  made  available  at 
reasonable  cost  to  small  towns. 

It  should  be  possible  to  conduct  put -^health  administration, 
.•UP  I  in  fact  all  of  the  public  services  enumerated  above,  much  more 
efficiently  and  expwlr  m  com  pa  rolled  towns  than 

in  indej>endent  eommumtiiii.     Whiles!  d  measures  should 

and    can  almost  always  be  used,  arbitrary  and  authorr 
measures  must  be  adopted  in  a  crisis,  and  such  measures  can  be 
enforced  with  less  delay  in  company  towns  than  in  independent 
communities, 

ting. — The  dut  ies  of  t he  depart n  •  >wn  management 

should  include  flu-  maintenance,  upkeep  and  assignment  of  all 
houses,  and  of  buildings  used  for  public  purposes. 

The  repair  and  upkeep  of  a  large  group  of  company  houses  is  a 
_:  and  expensive  task.    The  town  management  department 
should  maintain  a  squad  of  repair  men,  consisting  of  painters, 
carpenters,  masons  and  phm  tirely  separate  from  the 

plant  organisation.  The  number  of  each  will  depend  upon  the 
number  of  houses,  the  type  and  character  of  occupants.  Im- 
provements should  l>e  undertaken  in  a  >y*Tem:itic  mann.-r.  In 
some  cases  the  cost  of  repairs  has  been  minimized  by  agreeing  to 
return  a  certain  proportion  of  the  rent,  providing  repairs  were 
kept  below  a  specified  cost,  i  n  company  towns  the  cost 

.tin  repairs  has  been  divided  between  tenants  and  company. 
m  paint  ink',  the  company  may  furnish  the  material, 
providing  the  tenant  furnishes  the  labor.  In  the  upkeep  of 
houses,  as  in  the  maintenance  of  the  roads  and  paven 
it  is  decidedly  the  U-tter  jM.licy  to  keep  consistently  and  steadily 
up  with  the  repairs,  rather  than  perm  it  theprojHTty  to  become  in  a 
run-down  condition,  with  the  intention  of  bringing  it  up  to 
par  at  one  time. 

Some  system  of  house  inspection  must  be  inaugurate*!,  in 
order  to  be  conversant   with  conditions  in  the  interior. 
must  be  handled  tactful!  :m  with  the  character  of  the 

tenants.  The  sanctity  of  the  home  must  be  respected.  It 
would  be  quite  impossible  to  inaugurate  a  system  of  house  in- 
spection among  the  Anglo-Saxon  mountaineers  of  a  Kentucky 
mining  camp,  because  of  their  cherished  tradit  independ- 

ence; whereas,  in  other  mining  camps  occupied  by  Negroes  and 
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Slavs,  races  more  or  less  accustom.-. l  to  paternalism,  no  such 
difficulties  are  likely  to  U- encountered.  Among  unskilled  labor- 
ers, if  prizes  are  offered  to  the  wives  for  best  kept  homes,  in- 
spections can  be  made  for  the  purpose  of  awarding  prizes  without 
clanger  of  objection  on  the  ground  of  intrusion. 

All  the  difheultics  involved  in  the  upkeep  and  repair  of  houses 
are  trivial  compared  with  the  trials  of  awarding  quarters,  parti- 
cularly if  there  is  a  house  shortage — an  almost  proverbial 
condition  in  most  industrial  towns.  The  assignment  of  houses 
should  be  in  accordance  with  strict  regulations.  Often  this  \\ill 
work  hardships,  but  in  the  long  run  it  will  be  better.  The 
order  of  assigning  houses  should  follow  a  definite  plan,  the  ele- 
ments entering  into  which  may  well  be  length  of  service,  classifi- 
cation of  duties  and  salaries.  If  the  industry  is  organized  with 
distinct  classifications,  in  which  salary  or  wage  is  generally 
reflected,  the  element  of  pay  may  be  disregarded  in  the  assign- 
ment of  houses,  a  very  desirable  elimination. 

Commercial  Enterprises. — The  department  of  town  manage- 
ment should  also  supervise  all  the  commercial  enterprises  in  tin- 
town.  Company  stores  have  earned  a  bad  name  and  in  some 
states  they  have  been  prohibited.  They  still  suffer  a  handicap 
from  this  reputation,  although  in  many  modern  company  stores 
the  prices  are  very  reasonable  and  character  of  merchandise 
satisfactory,  the  standards  being  even  higher  than  those  which 
obtain  in  the  neighborhood.  Certain  companies  have  gone  so 
far  as  to  run  their  stores  at  a  loss.  This  is  not  fair  to  corn- 
pet  ing  stores  in  the  vicinity,  and  is  simply  another  example  of 
apparently  giving  something  for  nothing.  It  would  be  better  to 
make  store  prices  normal,  making  up  the  difference  in  the  wage 
scale,  and  to  use  the  earnings  of  the  store  to  provide  additional 
conveniences  in  the  town,  in  the  selection  of  which  the  people 
might  have  some  voice. 

In  other  words,  company  towns  should  be  managed,  so  that 
all  the  earnings  and  gratuities  should  be  definitely  and  clearly 
e\  pressed  in  the  daily  wage.  To  give  a  smaller  wage,  and  then 
add  a  number  of  perquisites,  does  not  really  alter  the  fundamental 
financial  considerations,  but  it  does  add  infinitely  to  the  confu- 
sion of  the  entire  plan.  It  makes  the  recipient  uncertain  of  his 
status.  It  does  not  furnish  a  clear-cut  basis  for  comparison  with 
outside  communities.  It  involves  the  bookkeeping  and  often 
deludes  both  the  employer  and  employee. 
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If  •  !•••!:•  I-  extended  in  a  company  store,  the collections should 

made  from  the  pay  envelope.    Thin,  as  previously  stated, 

emphasises  company  domination  <>\.  r  the  private*  affairs  of  the 

•  •«•.     If  inde|irn<i 

guarantee,  •  company  stores  do  it?    The  undesirable 

effort  ii] M.M  its  of  the  residents  more  than  outweighs  the 

so-called  efficiency  of  the  system      ii 
Ian-  ir.  un.l  it  \\ou)«i  be  better  that 

lid  U-  I«. 

-  perhaps  better,  if  |M.-M».|.-.  to  have  the  stores  operated  on 
an  in«l«-jM-!i,l,-nt  bantA.     Kven  though  the  company  own*  all  the 

11! -let  the  store  privilege  to  an  outside  agency. 
'.in  of  a  large  corporation  arc  apt  to  be  less 
H-nt  than  titosoof  a  •  *ail  merchandis- 

.-i-  th<-y  often  fall  to  the  purduuang  department,  which  is 
organized  for  an  entirely  ihhvrent   km«l  of  business,  and 
rules  and  regulations  of  \\lu.-h  may  not  be  suffi« -H -ntly  flexible. 
If  the  stores  are  operated  by  n..!.-^  n.l.-nt  IMTSOHS.  the  town  man- 
ager may  »  ;M,u,-ri"ul   intlurnc<-  m  insisting  upon  clean, 
hygienic    conditions,  modenr  -  and  courteous  ser\ 
more  rfTertivt-ly.  jH-rhaiw,  than  if  the  store  w«  l?ly  and 
completely  controlled  l.y  th<-  town  management  depart m- 

-  recognized,  ho  cases  greater  efficiency, 
goods  at  lower  prices,  «              ;»ro<luet<  ar«-  more  readily  ob- 
tainable uii'l.-r  company  control  than  with  several  im-Hirirntly 
and  incompetently  managed  stores.     Tip  M  again,  some  classes 
of  labor  cannot  readily  finance  th<  m-<  l\es  for  family   pur- 
chases.   Such  cases  call  for  careful  SU|M>I  vision  and  manage- 
so  as  to  eliminate  th<-  ol.jr. -tions  as  far  as  poesinle. 

Cooperative  stores  have  had  much  success  in  England  and  on 
the  <  'out m<>nt.    The  basic  principle  seems  sound.    Superfluous 
links  in  the  profit  chain  are  eliminated.    They  cause  people 
take  a  grea  cst  in  store  economies,  because  they  become 

sharers  in  all   benefits  deri\-«l      While   several   of   the  early 
this  country  failed,  useful  lessons  may  be  learned 
i  them,  and  there  is  much  promise  in  the  possibility  of  the 
successful  application  of  this  principle.     It  would  be  well  worth 
while  for  all  promoters  of  industrial  towns  to  searchingly  in- 
vestigate the  theory  and  practice  of  cooperative  stores. 

Policing. — The  policing  of  a  company  town  is  a  task  of  the 
most  serious  responsibility — one  that  may  be  handled  with  little 
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difficulty  for  long  periods,  only  to  h:ivo  thrust  upon  it  suddenly 
duties  and  opportunities  of  the  gravest  importance. 

All  the  police  of  a  company-con  trolled  town  should  have  a 
legal  status,  that  is,  they  should  )><>  deputi/ed  officially  by  a 
governing  body — either  city,  county  or  state.  Company  police 
that  is.  employees  of  the  company  assuming  unofficial  authority 
—should  not  be  employed.  Inside  the  plant,  company  watch- 
men or  guards  may  be  used,  but  never  in  the  town. 

It  has  l.reu  said  that  efficient  deputy  sheriffs  are  born,  not 
made.  While  this  office  carries  with  it  no  great  pivsti.irr.  in 
order  to  fill  it  ably,  a  man  must  be  courageous,  U>th  physically 
and  morally;  he  must  be  absolutely  honest,  and  at  the  same  time 
fully  informed  upon  all  dishonest  practices  and  artifices;  and  he 
must  display  judgment  and  tact,  as  many  regulations  that  he 
enforces  are  subject  to  his  own  interpretation. 

The  prudent  town  manager  must  always  have  at  hand  care- 
fully worked  out  plans  as  to  procedure  in  case  of  serious  dis- 
orders, conflagration  or  calamity.  In  dealing  with  lawless 
people,  nothing  is  so  advantageous  as  being  one  move  in  advance. 
If  the  town  is  isolated,  means  of  communication  other  than  l>y 
wire  to  outside  centers  must  be  maintained,  as  wires  are  readily 
cut.  Explosives  must  be  stored  so  that  strong  guards  may  be 
placed  readily  at  all  magazines.  The  water  supply  must  be 
capable  of  protection  and  guarding,  as  interruption  of  water 
service  is  a  very  simple  way  of  causing  serious  disaster  and  con- 
fusion. Facilities  for  accommodating  police  reinforcements 
should  be  available.  Crises  may  occur  which  will  require  the 
presence  of  a  corps  of  state  police  or  militia,  and  if  living  quar- 
ters for  these  can  be  quickly  provided,  better  service  will  be 
rendered. 

Many  of  the  above  suggestions  may  seem  unnecessary  pro- 
visions for  remote  contingencies,  and  it  is  to  be  desired  that 
occasion  should  never  arise  to  require  their  application;  but  this 
in  no  way  alters  the  importance  of  having  such  plans  carefully 
worked  out  in  advance. 

Fire  Protection. — In  addition  to  using  fire  retardant  materials 
in  construction  and  having  an  adequate  water  system  for  protec- 
tion in  case  of  fire,  a  corps  of  fire  fighters  should  be  organized  in 
every  town.  A  part-time  organization  is  all  that  is  necessary 
in  many  instances,  the  members  giving  services  voluntarily, 
or  being  paid,  as  the  case  demands.  Better  service  will  generally 
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(bo  rendered  if  the  member*,  or  at  least  a  small  nucleus  for  a 

'regular  force,  are  paid.    The  eorps  should  have  a  chief  or  captain, 

ievotes  his  out  in- 1  uno  to  the  Job.    He  can  profitably  spend 

--  and  testing  out  fin*  hydrant*,  hosetet< 
specti  -aiinm  *  to  fire  basards  and  working  out 

PI-..I  .I«-m>  for  fighting  fires  in  dihVult  pla.-,-  throughout  the  town, 
tiro  fighting  corps  sliould  meet  regularly  and  go  through 
•  lulls,  so  as  to  be  prepared  in  advance  for  emergency. 

Provision  should  also  be  made  in  advance  for  furnishing  relief 
in  case  of  a  »  .->U  fur  cooking  and  serving  food 

ice  quantities  should  U-  available.  Means  should  be  plan- 
ed m  advance  of  n<mrm  in  t»u<-)i  \\ith  t<  lief  agencies,  to  obtain 
food,  ten-  Ml  of  these  dctaik  if  prepared  in 

advance,  will  tend  to  eliminate  confusion  at  tin-  time  of  disaster 

School  System. — The  school  system  of  a  com  pa  rolled 

town  need  not  be  dominated  by  the  company.  Should  fund* 
be  low,  the  company  may  assist  in  providing  the  Unlding,  but 
the  system  of  <>n  should  be  under  the  control  of  the  state 

or  county  officials.  The  school  system  should  conform  to  local 
requirements.  If  the  public  schools  of  large  cities  can 
to  serve  their  diversified  commercial  and  industrial 
tainly  the  school  system  of  a  company  town  can  effectively  do 
a-  much.  Vocational  and  manual  training  should  be  introduced 
and  emphasised,  with  a  view  of  developing  boys  for  positions 
are  to  assume  later.  In  an  indust  rial  community  the  school 
training  may  well  stress  industrial,  rather  than  the  cUsmctl 
lines.  The  curricula  should  be  moulded  to  serve  the  needs  of  the 
ninety  JXT  cent,  whose  future  lies  with  industry,  rather  than  of 
the  ten  per  cent,  who  may  pursue  higher  educat  i  >n 

Recreational  Activities. — The  necessity  of  promoting  healthful 
recreations  for  the  men,  v  d  children  of  an  isolated  town 

is  a  very  important  function  of  the  town  management.  If  the 
principles  of  self-support  and  of  participation  in  control  are 
important  for  the  t..\\n.  they  are  even  more  so  for  recreational 
I  ubs  should  be  self  •managed;  the  directorate  should 
be  elected  by  the  members,  who  should  be  charged  dues  for  the 
privilege  of  belonging  to  the  elul>.  In  a  similar  way  athletics 
should  be  organised  and  controlled  democratically.  The  affairs 
of  such  dubs  may  not  run  as  smoothly  as  if  arbitrarily  dictated 
by  a  company  officer,  but  in  the  long  run  the  self-managed  in- 
st  it ut ion  will  win 
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The  role  of  the  town  manager  in  regard  t<>  n •« -n -at  i<>n  should  l»e 
one  of  self-effacement  ;  whatever  his  acti\  ilics.   they  should  be, 
indirrrt.      If  of  the  right    type,   he  ran  tactfully  see  that  such 
activities  are  promoted  and  developed  by  the  people  themselves, 
his  interest  being  kept  in  th-  <>un<l.     Once  the  movement 

is  started,  and  the  interest  and  enthusiasm  of  the  people  aroused, 
t  he  ideas  and  suggestions  will  be  abundant. 

Town  Managership. — The  success  or  failure  of  company- 
rolled  towns  is  seriously  affected  by  the  type  of  man  selected 
for  the  position  of  town  manager.  If  the  town  management  is 
separate  from  t  he  plant  management — and  it  should  be,  wherever 
possible — the  man  selected  must  be  one  of  force,  initiative  and 
with  a  sense  of  responsibility.  Of  course  this  entire  question  is 
modified  by  the  size  of  the  industrial  town  under  considera- 
tion. If  there  is  but  a  small  group  of  hou-es.  the  part-time 
services  of  an  able  man  would  be  conducive  to  better  results  than 
would  the  full-time  services  of  a  man  of  less  capacity. 

In  the  case  of  part-time  services,  it  may  mean  the  closer  n  Lit  ion- 
ship  between  town  and  plant  management — unless  the  services 
of  an  outside  organization,  which  has  had  experience  in  the  man- 
agement of  other  towns,  can  be  obtained.  Such  advisory  and 
directing  service  is  but  a  step  beyond  the  management  of  water 
works,  power  plants,  health  service  and  safety  inspection  by 
part-time  expert  service,  and  there  seems  no  good  reason  why 
complete  towns  should  not  be  managed  in  a  similar  way. 

No  definite  training  can  be  recommended  as  furnishing  the 
best  foundation  for  success  in  this  field.  A  number  of  the  profes- 
sions have  supplied  capable  town  managers,  among  whom  might 
be  mentioned  school  masters,  Y.  M.  C.  A.  secretaries,  lawyers, 
doctors,  engineers,  real  estate  men,  etc.  Executive  ability  and 
human  qualities  are  more  important,  perhaps,  than  character  of 
professional  training  and  experience;  but  all  things  considered, 
in  large  developments  that  are  being  built  from  the  ground  up, 
it  would  appear  that,  provided  he  has  the  other  necessary  quali- 
fications, one  of  the  engineers  who  has  taken  an  active  part  hi 
the  town  construction,  would  probably  be  as  suitable  for  the  pos- 
tion  as  anyone  could  be. 

SUBURBAN  INDUSTRIAL  TOWNS 

Usually  Independent — Just  as  isolated  industrial  towns  tend  to 
become  company-controlled,  so  the  tendency  is  for  industrial 
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towns  built  adjacent  <>r  in  pn. \nmry  in  cMnUuhed  eeotefS  to 
become  indepeml< -nt  .-,  an  fur  UK  the  company  in  con- 

cerned.    Thwi*  altogether  a  desirable*  mly  feature 

to  be  guarded  against  bein*  the  intrusion  of  other  large  industries 
.•.  lu.-h  until!  i. -nd  to  create  boon  shortage,  pro- 
\  Mm-  the  new  industries  failed  to  promote  a  noticing  project— a 
practice  all  too  seldom  pursued. 

Methods  of  Selling  Houses.— From  the  outset  suburban  towns 
should  be  planned  and  developed  with  the  expcv  hat  the 

hoiiao*  will  eventually  be  owned  by  the  people.     U  hile  the  layout 
be  town  should  be  made  under  the  company's  directon,  there 
is  no  reason  why  the  prospective  buyers  of  the  houses  should 
within  certain   limit  at  ions,  the  types  of  houses  de- 
sired.    This  need  not  interfere    with  any  zoning  regulations  or 
architectural  requirements  prescribed  by  the  town  builders. 

In  Chapter  II,  methods  of  buying  and  paying  for  homes  by 
employees  were  briefly  outlined,  some  of  them  involving  trans- 
actions between  the  company  and  the  purchaser;  others  making 
use  of  a  subsidiary  realty  company;  and  Mill  others  effected 
through  cooperative  tenant  associations,  in  which  shares  of 
stock,  rather  than  deeds  to  particular  houses,  are  the  instruments 
of  ownership  and  transfer.  All 

purpose— to  safeguard  the  interest  both  of  the  industrial  worker 
and  of  the  industry.  Before  any  plan  is  chosen,  it  should  be 
carefully  investigated  and  adapted  to  local  conditions. 

Revenue-Producing  Utilities.— Closely  connected  with  the 
question  of  sale  of  houses  is  the  one  of  providing  suitable  water, 
gas  and  electrical  services.  All  of  these  services  are  revenue- 
pnxlu'-iMi:  and  should  be  self -support  ing.  When  the  proje< 
developed  within  reach  of  puMie  utility  companies  already 
organized,  contracts  should  be  made  with  such  companies  for 
extension  of  their  services.  Alert  utility  companies  are  always 
ready  to  enlarge  th  it  promises  a  suitable  and 

steady  income,  and  while,  in  some  cases,  financial 
besought  from  the  industry  t»y  the  utility  companies,  this 
ance  should  be  required  for  a  temporary  period  only  and.  if 
granted,  constitutes  a  reasonably  safe  investment. 

If  utility  companies  are  not  available  for  service,  it  will  be 
necessary  for  the  promoters  of  the  town  to  organise  utility  com- 
panics  to  install  the  equipment  and  furnish  the  service  required. 
Such  public  utility  companies  should  be  organised  separately 

M 


386  INDUSTRIAL  HOUSING 

I'rnin  the  land  or  hou-iim  companies,  and  the  cost  of  construct- 
ing their  systems  should  l>e  kepi  quite  apart  from  other  costs. 
Tliis  procedure  is  advisable  1..  later  the  town  should  l»e 

incorporated  and  if  it  should  apjn-ar  expedient  to  buy  out  and 
operate  its  public  services,  the  transaction  can  l>e  arranged  with 
less  confusion  and  with  (  equity. 

Non-Revenue-Producing  Public  Services. — Public  improve- 
ments and  services,  such  as  roads,  pavements,  sewers  and  public 
parks  are  not  so  easily  finances  as  arc  the  water,  gas  and  elect  ri<  al 
services.  Much  depends  upon  how  easily  and  rapidly  the  houses 
are  sold,  how  soon  the  streets  are  dedicated  and  accepted  by  the 
civic  unit  in  \\  hich  they  are  situated,  and  whether  or  not  the  town 
is  incorporated  as  an  independent  civic  unit  or  is  annexed  to  an 
existing  city.  It  is  difiicult  to  incorporate  the  town  in  advance 
of  its  completion;  and  if  it  is  to  be  annexed  to  an  existing  city, 
the  project  can  not  ordinarily  wait  for  municpial  machinery  to 
reach  the  point  of  building  pavements  and  extending  sewers. 

The  result  is  that  the  building  company  must  construct  the 
sewers  and  pave  the  streets.  The  cost  of  these  can  be  added  to 
the  cost  of  the  houses.  If  the  town  is  incorporated  at  an  early 
date,  the  cost  of  paving  and  laying  sewers  in  the  street  intersec- 
tions may  possibly  be  recovered  from  the  city. 

The  cost  of  park  improvements  is  generally  more  difficult 
to  defray.  As  a  rule,  parks  will  remain  in  the  hands  of  the  realty 
company  promoting  the  project  until  a  later  period,  when  they 
may  be  either  donated  to  the  public  or  sold  to  the  municipality. 

Other  Public  Activities. — The  promotion  of  other  pul>l it- 
activities,  such  as  school  systems,  policing,  fire  protection,  all 
commercial  enterprises  and  welfare  activities,  in  suburban  towns 
can  be  managed  in  a  manner  more  or  less  the  same  as  that  pre- 
viously described  under  isolated  company-controlled  towns,  the 
principal  difference  being  that  the  period  of  company  control  is 
of  less  duration  and  the  degree  of  such  control  less  marked. 

Just  as  rapidly  as  residents  in  a  town  become  property  owners, 
their  interest  in  civic  affairs  rises.  The  town  is  their  town;  t heir 
savings  are  staked  upon  its  prosperity;  their  children  must  be 
raised  and  educated  there.  A  transformation  takes  place.  It 
is  their  duty  to  see  that  policing  is  efficient;  that  the  fire  protec- 
tion is  adequate.  They  will  quickly  become  cognizant  of  their 
rights  as  citizens  and  property  holders  and,  in  a  short  time,  the 
company's  share  in  the  control  of  the  town  will  become  less  and 


:  i/.  TOWNS  MH 


lav  marked,  until  tho  final  result  is  an  im)cperici< 

ing  municipal  i  tier  American  town*  in  iu  hunt  ling 

UHTKV    and    if^    rniiiin.-i,  i;il    J.I.-|-M'\         I',',1        •     ".  :  .    •  •  .  .! 

company  has  done  ito  work  u.-ll   it  \\ill  tw  superior  to  them  in 
being  logically  planned  and  efficiently  eon  a  greater 

solidarity  foBterod  by  common  m<lu»m.il  •  M-*t*;ami  in  all 
the  advantages  that  follow  from  the  application  of  broad  vision 
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Showrr  baths,  41  Storm,  Conpaay,  380 

Bdawafta,  i-n  aoipantivv,  :IM 

Storm  dnuna«pt  210t  214 

•nitunui  maradam,  140  budget,  860 

I -ri.-k  .145  h  baaina  and  inleta,  218 

i<  depth  of  drain*,  217 

coloring.  144  deaiffn,  210 

eoncrrtr,  144  diaehargr  fonnube,  210 

conrrctr,  tar,  145 

drainage,  99  gutter .Irainage.  99, 127. 147.216 

bouaBconneetiona,217 
JoiaUandfillerm,217 

on  rwidential  itreeU,  87,  121  manbolea,  218 

I*''.  roof  watrr.  214 

mm  of  draiiui.  217 

145  atreet  waUr.  215 

rubarade,  143  Stevam  gaging,  ~*  Water  wpplr. 

Stream  pollution,  ear  Water  puri- 
width  on  hurnneai  ctreeU,  119 
width  on  reaidential  rtrerU.  \:\ 

duplex    houw,    ««   duplex.      Street     improvetnenU.     Coat.     ~* 

a»r  inverted  alphotu,  i^lrr     StreM  ugbtinii,  •*  Bhctrif 
S  «.  r  ic-  .  dial  ut.   I 
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Street  railways.    Location,  mi 

.         I  •      •      ;...-!    >t    .••        '    i.   1:1 


Street  sweeping*,  we  Waste  disposal 
Street  systems,  53,  79,  112,  113 

contour,  82 

diagonal,  81 

geometrical,  81 
gridiron,  79 

1.  SI 

rational  arrangement,  84 
rectangular,  79 
Streets,  85,  118,359 

arterial,  85,  119,  122 

incus,  89,  119 
classification,  85,  118 
cleaning.  14«i.  148 
cost  of  improving,  104 
cour 

dead  end,  95 
design,  93,  122 

Casements.    100 

"elastic"  street,  to  be  widened 
later,  93 

grades.  :><-,.  87,  89,  90,  97,  122 

interactions,  97,  98 

light  requirements,  *ee Orienta- 
tion. 

preliminary  survey,  107 

profiles,  97,  100 

residential,  ss.  121,  122 

secondary  or  subarterial  87, 120 

street  railway  location  101, 119, 
120 

subdivisions,  94 

uidth,  86,  87,  89,  90,  92,  Us. 
119,  121 

see  also  Alleys,  Boulevards; 
Curl--:  (inuling;  Pave- 
ment-; Sidewalks;  Street 

Stucco,  see  Building  materials. 
Suhdraanage,       tee       Foundations; 

Pavements;  Sidewalks. 
Subsidies,  10,  11,  14.  Jl 
Suburban  town,  see  Industrial 
Sumps,  see  Grading. 
Sumps,  Cellar  202,  203 


Sun  Village,  Chester,  Pa,  64 

Sunlight.  KM  Orientation. 
Supervision  of  lumping  <  ..n-t  ruction, 

:;:,i 

Survey,  see  Housing  site;  Map; 
Preliminary  survey;  Topo- 
graphic survey. 

Taylor,  Graham  K.  KfiVct  of  indus- 
trial eongeslion.  ."• 

Technical  program  for  housing  pro- 
ject, 30 

Telegraph         service.      Installation. 

2sr, 

Telephone  service.        Installation, 

286 

'renernent-.  ..«    Mill  tenements. 

The 

Thoroughfares,  see  Pavements; 
Street.^;  Transportation  fa- 

ofltl 

Time  spent  Itetween  home  and  fac- 
tory, 40 

in    factory    vs.    time    spent    in 
community,  l.'i 

Toilet  rooms.  A-M-  Boarding  houses; 
Houses. 

Topographic  survey,  108 

Topography  of  land  for  housing,  48, 
55,  196 

TO\MI  management,  see  Industrial 
town. 

Town  plan.     Development,  5.i.   IK) 
preliminary,  110 
see  also  Housing  project. 

Town  wastes,  see  Sewage  disposal; 
Sewerage;  Waste  disposal. 

Towns,  see  Community. 

Towns,  Company,  see  Industrial 
town. 

Townsite,  see  Industrial  townsite. 

Trade  waste,  see  Sewage  disposal; 
Sewerage;  Waste  disposal. 

Transformers,  see  Electric  distribu- 
tion; Kleetrio  lighting. 

Transmission  line,  see  right  of  way, 
under  Electric  transmission. 

Transportation  between  home  and 
factory,  40,  44 


IX  MX 


; 


Transportation  f aeilitiea.     Effect  on 

••iMtfOi    oj    !..,.-. !V    I  '• 

40,50 

highway*,  50 
mot  50,388 

.    .      .        .         MM 

,.r..j,  .  T       ..,, 


«**  al*>  gradm, 
Trvcvt.     lltuitiiiK    nrhptno   At    New- 

Ininc.  N.  V..96 
Mirvrv  for  t  ,|H^rnphir  m»p,  100 

!«•"  and   "trades"  of  houM*. 
MM 


raya,  •**  nt- 

nn.  r    purifier 


,,ul  „„,,. 

rainfall  n-conis,  211 


wwwigje,  1<IS 

. 

i  State*  Ubor  Bureau.     8ta- 
tbtics  of  industrial  hout- 

.101 

United   Hutea   Labor   Department. 
Recommended  standards 
f..r,U, -Ming*.  300 
1  State*  Shipping  Board,  «• 

1   BfJpMg     I  !•  •  t    I     •:;.    :   . 

in.lustriea,  1. 


«•  PuMir  utilitiem. 


<«,  M«  di*tnl.uti..n.  imAr  Can; 
r  dMtributaon. 

standard*     fur     dwrllinfA 


Wagea,  14,  399 

ik«,.rr 


§j|  •       Ml    J  5  . 

budget,  3M 

char  municip*! 

^i- 
OoUection.24A 


rl  ^       ' 

'       •- 


in.-ir,.  r  ,-.....     J"   . 
I.    -•  '  .    !- 

plant,  245 

fl'l     i''.,'!         J  "^  I        J'.J 

- 

•toe*  iVMpfc.jp   HI 
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•UndanU,  157,  161.  166 
150,  168 


' 
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W;,ter 


153,   156, 
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Water  distribution.  172,  175 
piping.  17.*).  179 

cement  lined,  185 
d.pth  isi.  186 
house  service,  183 
l..t.l.   IM.  185 

pipr,  184 

specifications,  186 
reservoirs,  175 
standpipcs,  see  Reservoirs, 
tanks,  see  Reservoirs, 
valves,  183 
water  mains.     Ix -until,  181 

tapping,  183 

:  mains,  «ee  Waterdistribution. 
metering.  i:»(>.  i:.:; 
pip.-.  M»   Water  ilistriliiitiun. 
:    pressure,  see  Water  supply. 

:    purification.   166 
chemicals  employed,  172 

coagulation.  169 
distillation.  167 
filtration,  167 

rapid  sand,  168,  171 

slow   sail, I.   168 

sedimentation,  167 

sterilization,  170 

.  *<r  Wator  Hiipply. 
:  supply,  150,  359, 

<  "iiMunption,    see    Water    con- 
sumption. 

cost,  187 

development  of  syst  BM,  1 » •!.' 

distribution,    see     Water     dis- 
trihution. 

extension  of  system,  161 

fire  service,  172,  176,  366 

garage*,  317 

ground  water  supply,  see  Ground 
water. 

pollution,    tee   Water   purifica- 
tion. 


Water   supph. 

IT.'..    177 

pumping,  see  Pumps, 
quality,    see   standards.     i/i,«/«r 

Water  supply, 
quant  it  \  .   lf,r, 
rat 
n'coinmrndiitions  for  dwellings, 

MM 

nur.   1SS 

eelecti.,!,.  nil,  166 
source,  229 
storage,  163,  H»l 

MI  j:a^in^.  Hil 
surf.  I'.:;.  165 

tcmpor.M 

wells.  fi,i   (  iroiind  \\at«T. 
Watvr  waste,  i:,i.  i.v, 
Wjitrrprootin^.  >•<»•  Houses. 
Widtli  of  sidewalks,  .SM   Sidewalks. 

of  >tr«  .  t 

Women    and    minors.      Housing    re- 
quirements. :t:i().  :;  10 
Wood  Mock,  see  Pavement-. 
Working    day.      Proportion    of    en- 
tire   time    of    workers.     13 
Workmen.      Xumlter  per  lion 

proportion    (»f    skilled    and    un- 
skilled, 15,  326 
proportion    of    uninai  ried. 
single.      Housing  required.  32S, 


Yorkship    \ill:tge.    C.-uiiden,    N.   J., 

«.l.  144 
s<>w:ige  disposal.  230 

I'uildmu. 

street  arrangei  n  e  n  t .  s  J 
Youngstown  Sheet  &  Tube  Co.,  62, 
113 


Zoning,  55,  66,  67,  107 


Kno-1..,  Morris 

Indus  .:.\unug 
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